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INTRODUCTION 


Unitrode is recognized today as a world-wide leader in the design, 
manufacture and marketing of electronic components. From its inception 
more than twenty-two years ago, Unitrode has earned and maintained a 
reputation of setting the highest standards of reliability and performance. 
Excellence was first established with a unique packaging concept for axial- 
leaded rectifiers and zeners for the military market. This fused-in-glass 
product is still unsurpassed in its reliability and performance. 

Unitrode’s products are designed to meet the demands of many markets 
including: 


• Data Processing 

• Military 

• Telecommunications 

• Industrial Controls 

• Instrumentation 

Today, Unitrode offers a broad line of high quality, high performance 
electronic components, including: 

• Power Transistors and Darlingtons 

• Power Hybrid Circuits and Modules 

• Power Rectifiers 

• Rectifier Assemblies 

• Power Zeners and Transient Voltage Suppressors 

• Thyristors 

• Switching and General Purpose Diodes 

• PIN Diodes 

• Monolithic Ceramic Capacitors 

• Linear Integrated Circuits 

We are also a leading manufacturer of data acquisition and conversion 
products through our Micro Networks Division in Worcester, Massachusetts 
and miniaturized power supply modules through our Powercube subsidiary 
in Billerica, Massachusetts. Two recent acquisitions joined our ranks of 
product offering: US Microtek Components of Sun Valley, California, a 
manufacturer of monolithic ceramic capacitors and (EMI) filters adding to 
our leadership position in the ceramic capacitor business and. Power 
General Corporation of Canton, Massachusetts, a manufacturer of multiple 
output switching power supplies and DC-DC converters. 

This DATABOOK lists today's broadest line of discrete semiconductors, 
linear integrated circuits and capacitors. 

We take pride in our products, and know they will add more value to your 
company’s products. 
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PART NUMBER 


1N251, J 

1N456 

1N456A 

1N457, J 

1N457A 

1N458, J 

1N458A 

1N459, J 

1N459A 

1N483* 

1N483A* 

1N483B, J, JTX 

1N483C 

1N485 

1N485B, J, JTX 


1N645J, JTX 
1N645-1J, JTX, JTXV 
1N647, J, JTX 
1N647-1, J, JTX, JTXV 

1N662, J 
1N663, J 
1N914, J, JTX 
1N914-1, A, B 
1N916, B 
1N3064J, JTX 
1N3070, J, JTX, JTXV 


1N3595, J, JTX, JTXV 
1N3600, J, JTX, JTXV 


1N4096-1N4098 

1N4148, J, JTX, JTXV 
1N4148-1J, JTX, JTXV 
1N4149 

1N4150, J, JTX, JTXV 
1N4150-1J, JTX, JTXV 
1N4151 
1N4152 


DESCRIPTION 

GENERAL PURPOSE 
DIODE 

75mA: 40V: DO-7 
90mA: 25V 
75mA: 60V 
55mA: 125V: DO-7 
40mA: 175V 
55mA: 150V: DO-7 
100mA: 150V 
40mA: 200V: DO-7 
100mA: 200V 
100mA: 70V 
100mA: 70V 
200mA: 80V: DO-7 
100mA: 70V 
100mA: 180V 
200mA: 200V: DO-7 
SWITCHING DIODE 
40mA: 200V: DO-7 
RECTIFIER 
400mA: 270V 
400mA: 270V 
400mA: 480V 
400mA: 480V 
SWITCHING DIODE 
40mA: lOOV: DO-7 
60mA: lOOV: DO-7 
75mA: lOOV 
75mA: lOOV 
75mA: lOOV 
75mA: 75V: DO-7 
150mA: 200V: DO-35 
GENERAL PURPOSE 
DIODE 

150mA: 150V: DO-7 

SWITCHING DIODE 

200mA: 75V: DO-7 
RECTIFIER 

l.OA: 200V 
l.OA: 400V 
l.OA: 600V 
l.OA: 800 A 
l.OkV 
1.5kV 
2.0kV 
2.5kV 
3.0kV 

0.75A: 200V 
0.75A: 400V 
0.75A: 600V 
l.OA: looov 
2.0A: 200V 
2.0A: 400V 
l.OA: 600V 
ZENER 
3.0W: 5% 

SWITCHING DIODE 

200mA: lOOV: DO-35 
150mA: lOOV: DO-35 
200mA: 75V: DO-35 
200mA: 75V: DO-35 
200mA: 75V: DO-35 
200mA: 75V: DO-35 
200mA: 40V: DO-35 


PART NUMBER 


1N4153, J, JTX, JTXV 
1N4153-1J, JTX, JTXV 
1N4154 

1N4245, J, JTX, JTXV 
1N4246, J, JTX, JTXV 
1N4247, J, JTX, JTXV 
1N4248, J, JTX, JTXV 
1N4249, J, JTX, JTXV 

1N4305 

1N4444 

1N4446 

1N4447 

1N4448 

1N4449 

1N4450 

1N4451 

1N4452 

1N4453 

1N4454,J, JTX, JTXV 
1N4454-1, J, JTX, JTXV 

1N4461-1N4496,J, 

JTX, JTXV 

1N4500, J, JTX 
1N4531, J, JTX, JTXV 
1N4532, J, JTX, JTXV 
1N4534, J, JTX, JTXV 
1N4607 
1N4608 

1N4883-1N4884 

1N4938, J, JTX 

1N4942, J, JTX, JTXV 
1N4944, J, JTX, JTXV 
1N4946, J, JTX, JTXV 

1N4954-1N4995, J, 
JTX, JTXV 
1N4996 

1N5063-1N5117 

1N5118-1N5134 


DESCRIPTION 


. (HVE40) 

! (HVE50) 

} (HVE75) 

^ (HVEIOO) 


, J, JTX, JTXV 
, J, JTX, JTXV 
, J, JTX, JTXV 


SWITCHING I 

150mA: 75V: C 
150mA: 75V: C 
200mA: 35V: D 
RECTIFIER 
l.OA: 200V 
l.OA: 400V 
l.OA: 600V 
l.OA: 800V 
l.OA: lOoov 
SWITCHING I 
200mA: 75V: D 
200mA: 70V: D 
200mA: 75V: D 
200mA: 75V: D 
200mA: 75V: D 
200mA: 75V: D 
200mA: 40V: D 
200mA: 40V: D 
400mA: 40V: D 
200mA: 30V: D 
200mA: 75V: D 
200mA: 75V: D 
ZENER 

1.5W: 5% 

SWITCHING I 

300mA: 80V: D 
125mA: lOOV: 
125mA: 75V: D 
150mA: 75V: D 
400mA: 85V: D 
500mA: 85V: D 
ZENER 
3.0W: 5% 
SWITCHING I 
150mA: 200V, 
RECTIFIER 
l.OA: 200V 
l.OA: 400V 
l.OA: 600V 
ZENER 

5.0W: 5% 

5.0W: 5% 

3.0W: 5% 

5.0W: 5% 
RECTIFIER 
4.0A: lOOV 
4.0kV 
5.0kV 
7.5kV 
lO.OkV 
3.0A: 60V 
3.0A: lOOV 
3.0A: 200V 
3.0A; 400V 
3.0A: 600V 
4.0A: 400V 
l.OA: 120V 
0.5A: 1500V 
3.0A: 50V 
3.0A: lOOV 
3.0A: 200V 


* Contact Unitrode 

Legend; J- JAN JTX-JANTX JTXV-JANTXV 
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6-16 

6-16 

6-16 

* 

* 

* 

6-18 

6-18 

6-18 

6-18 

7-10 

7-10 

7-10 

9-10 

9-10 

9-10 

9-10 

6-20 

6-22 

6-20 

6-22 

6-20 

6-22 

6-20 

12-6 

6-24 

6-28 

6-24 

6-24 

6-28 

6-24 

6-24 

6-28 

6-24 

6-28 

6-24 

6-24 

6-28 

6-24 

6-24 

6-28 

6-24 

6-31 

6-24 

6-24 

6-31 

6-24 

6-24 

6-31 

6-33 

6-33 

6-33 

6-35 

6-35 

6-35 

1N5418, J, JTX, JTXV 
1N5419, J, JTX, JTXV 
1N5420, J, JTX, JTXV 
1N5433 

IN 5434 

1N5435 

1N5550, J, JTX, JTXV 
1N5551, J, JTX, JTXV 
1N5552, J, JTX, JTXV 
1N5553, J, JTX, JTXV 

1N5597, J 

1N5600, J 

1N5603, J 

1N5610, J, JTX 

1N5611, J, JTX 

1N5612, J, JTX 

1N5613, J, JTX 

1N5614, J, JTX, JTXV 
1N5615, J, JTX, JTXV 
1N5616, J, JTX, JTXV 
1N5617, J, JTX, JTXV 
1N5618, J, JTX, JTXV 
1N5619, J, JTX, JTXV 
1N5620, J, JTX, JTXV 

1N5767 

1N5802 

1N5802, J, JTX, JTXV 

IN 5803 

IN 5804 

1N5804, J, JTX, JTXV 
1N5805 

1N5806 

1N5806, J, JTX, JTXV 
1N5807 

1N5807, J, JTX, JTXV 
1N5808 

1N5809 

1N5809, J, JTX, JTXV 
1N5810 

1N5811 

1N5811, J, JTX, JTXV 
1N5812 

1N5812, J, JTX, JTXV 
1N5813 

1N5814 

1N5814, J, JTX, JTXV 
1N5815 

1N5816 

1N5816, J, JTX, JTXV 

1N5817 

1N5818 

1N5819 

1N5820 

1N5821 

1N5822 

RECTIFIER 

3.0A: 400V 

3.0A: 500V 

3.0A; 600V 

2.0A: 700V 

2.0A: 700V 

12.0A; 700V 

RECTIFIER 

5.0A: 200V 

5.0A; 400V 

5.0A: 600V 

5.0A: 800V 

RECTIFIER MODULE 

lOkV 

5.0kV 

5.0kV 

TRANSIENT VOLTAGE 
SUPPRESSOR 

33V 

43.7V 

54V 

191V 

RECTIFIER 

l.OA; 200V 
l.OA; 200V 
l.OA; 400V 
l.OA; 400V 
l.OA; 600V 
l.OA; 600V 
l.OA; 800V 

PIN DIODE 

General Purpose, PIN 
RECTIFIER 

2.5A; 50V 

2.5A; 50V 

2.5A; 75V 

2.5A: lOOV 

2.5A: lOOV 

2.5A: 125V 

2.5A; 150V 

2.5A; 150V 

6.0A: 50V 

6.0A: 50V 

6.0A: 75V 

6.0A; lOOV 

6.0A: lOOV 

6.0A; 125V 

6.0A: 150V 

6.0A; 150V 

20.0A: 50V: do-4 

20.0A: 50V: DO-4 

20.0A: 75V: DO-4 

20.0A: lOOV: do-4 

20.0A: lOOV: do-4 

20.0A: 125V: DO-4 

20.0A: 150V: do-4 

20.0A: 150V: DO-4 

SCHOTTKY RECTIFIER 
l.OA: 20V: Sim. to DO-41 
l.OA: 30V: Sim. to DO-41 
l.OA: 40V: Sim. to DO-41 

3.0A: 20V: Sim. to DO-201AD 
3.0A: 30V: Sim. to D0-201AD 
3.0A: 40V: Sim. to DO-201AD 

i 

1 

12-6 

9-8 

9-8 

6-37 

6-37 

6-39 

6-39 

6-39 

6-42 

6-44 

9-12 

9-12 

9-12 

9-12 

9-12 

9-12 

9-12 

9-12 

* 

* 

* 

* 

* 

♦ 

iK 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

♦ 

Ik 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

1N5957 

IN 5968 

IN 5969 

1N6097 

1N6098 

1N6304, J, JTX, JTXV 
1N6305, J, JTX, JTXV 
1N6306, J, JTX, JTXV 

1N6391, J, JTX, JTXV 
1N6392, J, JTX, JTXV 

1N6461, J, JTX, JTXV 
1N6462, J, JTX, JTXV 
1N6463, J, JTX, JTXV 
1N6464, J, JTX, JTXV 
1N6465, J, JTX, JTXV 
1N6466, J, JTX, JTXV 

IN 6467, J, JTX, JTXV 
1N6468, J, JTX, JTXV 

1S44 

ISlll 

1S113 

15120 

15121 

15130 

15131 

15132 

1S134 

15920 

1S920BS 

15921 

1S921BS 

15922 

1S922BS 

15923 

1S923BS 

15924 

1S930 

15940 

15941 

15942 

15951 

15952 

15953 

15960 

15961 

1S961BS 

2N876 

2N877 

2N878 

2N879 

PIN DIODE 

Low Distortion, AGC Diode 
ZENER 

5.0W: 5% 

5.0W: 5% 

SCHOTTKY RECTIFIER 

50A: 30V: DO-5 

50A: 40V: DO-5 

RECTIFIER 

70A: 50V: DO-5 

70A: lOOV: do-5 

70A:150V: DO-5 

SCHOTTKY RECTIFIER 

25A: 45V: DO-4 

60A: 45V: DO-5 

TRANSIENT VOLTAGE 
SUPPRESSOR 

5.0 V 

6.0 V 

12.0V 

15.0V 

24.0V 

30.5V 

40.3V 

51.6V 

DIODE 

75mA: 40V: DO-35 

400mA: 225V: DO-7 

400mA: 400V: DO-7 

200mA: 50V: DO-7 

200mA: 150V: DO-7 

300mA: 50V: DO-7 

300mA: lOOV: DO-7 

300mA: 200V: DO-7 

300mA: 400V: DO-7 

200mA: 50V: DO-35 

200mA: 50V: DO-35 

200mA: lOOV: DO-35 

200mA: lOOV: DO-35 

200mA: 150V: DO-35 

200mA: 150V: DO-35 

200mA: 200V: DO-35 

200mA: 200V: DO-35 

200mA: 300V: DO-35 

300mA: 50V: DO-35 

50mA: 30V: DO-35 

50mA: 50V: DO-35 

50mA: 75V: DO-35 

225mA: 70V: DO-35 

225mA: 70V: DO-35 

225mA: 70V: DO-35 

150mA: 50V: DO-35 

150mA: 150V: DO-35 

150mA: lOOV: DO-35 

SCR 

.35A(a)100°C 15V: TO-18 
.35A(§)100°C 30V: TO-18 
.35A@100“C 60V: TO-18 
.35A(§)100°C lOOV: TO-18 


* Contact Unitrode 

Legend: J-JAN JTX-JANTX JTXV-JANTXV 
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SCR 




SCR 

* 

2N880 

.35A@100°C 150V: TO-18 


* 

2N2009 

1.3A(a)80°C25V: TO-39 

* 

2N881 

.35A(g)100X 200V; TO-18 


* 

2N2010 

1.3A(a)80“C 50V; TO-39 

* 

2N882 

.35A@100°C 300V; TO-18 


* 

2N2011 

1.3A@80°C lOOV; TO-39 

* 

2N883 

.35A@100°C 400V: TO-18 


* 

2N2012 

1.3A(g)80"C200V; TO-39 

* 

2N884 

,35A(§)100°C 15V; TO-18 


* 

2N2013 

1.3A(a)80°C 300V; TO-39 

* 

2N885 

.35A@100°C 30V: TO-18 


* 

2N2014 

1.3A(a)80°C400V: TO-39 

* 

2N886 

.35A@100°C 60V; TO-18 




POWER TRANSISTOR 

* 

2N887 

.35A(§)100°C lOOV; TO-18 


* 

2N2150 

NPN; 2.0A;80V: TO-59 

* 

2N888 

.35A@100‘’C 150V: TO-18 


4-11 

2N2151 J, JTX 

NPN; 2.0A; 80V; TO-59 

* 

2N889 

.35A@100°C 200V: TO-18 




SCR 

* 

2N890 

.35A(3)100°C 300V; TO-18 


10-13 

2N2322 

1.6A@85°C 25V; TO-39 

* 

2N891 

.35A(a)100°C 400V; TO-18 


10-13 

2N2323 

1.6A@85°C 50V; TO-39 

* 

2N948 

.26A@125°C 30V; TO-18 


10-13 

2N2323, SJ, SJTX, SJTXV 

1.6A(5)85°C 50V; TO-39 

♦ 

2N949 

.26A(a)125°C 60V: TO-18 


10-13 

2N2323A, SJ, SJTX, SJTXV 

1.6A(S)85°C 50V; TO-39 

* 

2N950 

.26A(5)125°C lOOV; TO-18 


10-13 

2N2324, SJ, SJTX, SJTXV 

1.6A(a)85°C lOOV; TO-39 

* 

2N951 

.26A@125°C 200V: TO-18 


10-13 

2N2324A, SJ, SJTX, SJTXV 

1.6A(S)85°C lOOV; TO-39 

* 

2N1595 

1.0A(S)80°C50V;TO-39 


10-13 

2N2325 

1.6A@85°C 150V: TO-39 

* 

2N1596 

1.0A(®80°C lOOV; TO-39 


10-13 

2N2325A 

1.6A@85°C 150V; TO-39 

* 

2N1597 

1.0A@80°C200V; TO-39 


10-13 

2N2326, SJ, SJTX, SJTXV 

1.6A(a)85°C200V; TO-39 

* 

2N1598 

1.0A(5)80°C 300V; TO-39 


10-13 

2N2326A, SJ, SJTX, SJTXV 

1.6A(5)85°C 200V: TO-39 

* 

2N1599 

1.0A@80°C400V; TO-39 


10-13 

2N2327 

1.6A@85°C 250V; TO-39 



POWER TRANSISTOR 


10-13 

2N2327A 

1.6A(a)85°C 250V: TO-39 

* 

2N1647 

NPN; 3.0A: 60V: TO-59 


10-13 

2N2328, SJ, SJTX, SJTXV 

1.6A@85°C300V; TO-39 

* 

2N1648 

NPN; 3.0A;80V; TO-59 


10-13 

2N2328A, SJ, SJTX, SJTXV 

1.6A(a)85°C 300V; TO-39 

* 

2N1649 

NPN; 3.0A: 60V; TO-59 


10-13 

2N2329, SJ, SJTX, SJTXV 

1.6A(5)85°C400V: TO-39 

* 

2N1650 

NPN; 3.0A; 80V; TO-59 


* 

2N2344 

1.6A(g)55°C25V; TO-39 

* 

2N1714 

NPN; 0.75A: 60V: TO-5 


♦ 

2N2345 

1.6A(5)55°C 50V; TO-39 

* 

2N1715 

NPN; 0.75A: lOOV; TO-5 


* 

2N2346 

1.6A(S)55°C lOOV; TO-39 

* 

2N1716 

NPN; 0.75A: 60V: TO-5 


* 

2N2347 

1.6A@55°C 150V: TO-39 

* 

2N1717 

NPN; 0.75A: lOOV; TO-5 


* 

2N2348 

1.6A(a)55°C200V: TO-39 

* 

2N1718 

NPN; 0.75A; 60V; TO-5; 




POWER TRANSISTOR 



Stud Mount 


* 

2N2657 

NPN; 5.0A; 60V: TO-5 

* 

2N1719 

NPN; 0.75A; lOOV; TO-5; 


* 

2N2658 

NPN; 5.0A; 80V; TO-5 



Stud Mount 




SCR 

* 

2N1720 

NPN; 0.75A: 60V; TO-5: 


* 

2N2679 

.35A@55°C 30V; TO-18 



Stud Mount 


♦ 

2N2680 

.35A(a)55°C 60V: TO-18 

* 

2N1721 

NPN; 0.75A: lOOV; TO-5; 


* 

2N2681 

.35A(a)55°C lOOV; TO-18 



Stud Mount 


* 

2N2682 

.35A@55°C 200V; TO-18 



SCR 


* 

2N2683 

.28A@55°C 30V; TO-18 

* 

2N1869 

1.25A(a)100°C 15V: TO-9 


* 

2N2684 

.28A@55°C 60V; TO-18 

10-5 

2N1870A, J 

1.25A(a)100°C 30V; TO-9 


* 

2N2685 

.28A(g)55°C lOOV; TO-18 

10-5 

2N1871A, J 

1.25A@100°C 60V: TO-9 


* 

2N2686 

.28A@55°C 200V: TO-18 

10-5 

2N1872A, J 

1.25A(§)100°C lOOV; TO-9 


* 

2N2687 

.28A@55“C 30V; TO-18 

10-5 

2N1873A 

1.25A(a)100°C 150V; TO-9 


* 

2N2688 

.28A(3)55°C 60V: TO-18 

10-5 

2N1874A, J 

1.25A(a)100°C 200V; TO-9 


* 

2N2689 

.28A(®55“C lOOV; TO-18 

10-9 

2N1875 

1.25A(§)100°C 15V; TO-9 


* 

2N2690 

.28A(a)55°C 200V: TO-18 

10-9 

2N1876 

1.25A@100'’C 30V: TO-9 




POWER TRANSISTOR 

10-9 

2N1877 

1.25A@100°C 60V: TO-9 


* 

2N2828 

NPN; 3A; 60V; TO-59 

10-9 

2N1878 

1.25A@100°C lOOV; TO-9 


* 

2N2829 

NPN; 3A; 60V: TO-59 

10-9 

2N1879 

1.25A(5)100°C 150V; TO-9 


* 

2N2858 

NPN; 3A: 80V; TO-5 

10-9 

2N1880 

1.25A@100'‘C 200V: TO-9 


* 

2N2859 

NPN; 3A; lOOV; TO-5 

10-11 

2N1881 

1.0A(§)100°C 30V; TO-9 


* 

2N2877, 2N2878 

NPN; 5A; 80V: TO-59 

10-11 

10-11 

2N1882 

2N1883 

1.0A(§)100°C 60V: TO-9 
1.0A(§)100°C lOOV; TO-9 


* 

4-15 

2N2879 

2N2880, J, JTX, JTXV 
2N2890, 2N2891 

NPN; 5A; lOOV; TO-59 

NPN; 5A: 80V; TO-59 

NPN; 5A: 80V; TO-5 

10-11 

2N1884 

1.0A(5)100°C 150V; TO-9 


♦ 

2N2892, 2N2893 

NPN; 5A; 80V; TO-59 

10-11 

2N1885 

1.0A@100°C 200V: TO-9 


* 

2N2983 

NPN; 3A: 80V; TO-5 



POWER TRANSISTOR 


* 

2N2984 

NPN; 3A; 120V; TO-5 

* 

2N1886 

NPN; 3.0A: TO-59 



2N2985 

NPN; 3A; 80V; TO-5 


* Contact Unitrode 
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♦ 

2N2986 

POWER TRANSISTOR 

NPN; 3A: 120V: TO-5 

* 

2N2987 

NPN; lA; 80V: TO-5 

* 

2N2988 

NPN: lA: loov: to-5 

* 

2N2989 

NPN: lA: 80V: to-5 

* 

2N2990 

NPN: lA: lOOV: to-5 

* 

2N2991 

NPN: lA: 80V: TO-5 stud 

* 

2N2992 

NPN: lA: lOOV: TO-5 stud 

* 

2N2993 

NPN: lA: 80V: to- 5 stud 

* 

2N2994, 2N2995 

NPN: lA: lOOV: TO-5 stud 

* 

2N3001 

SCR 

.25A@55'’C 30V: TO-18 

* 

2N3002 

.25A@55°C 60V: TO-18 

* 

2N3003 

.25A(g)55°C lOOV: TO-18 

* 

2N3004 

.25A(§)55°C 200V: TO-18 

* 

2N3005 

.25A@55°C 30V: TO-18 

* 

2N3006 

.25A@55“C 60V: TO-18 

* 

2N3007 

.25A@55°C lOOV: TO-18 

* 

2N.3008 

.25A(§)55‘’C 200V: TO-18 

10-16 

2N; 027, J, JTX 

500mA@100°C 30V: TO-18 

10-16 

2N3028, J, JTX 

500mA@100“C 60V: TO-18 

10-16 

2N3029, J, JTX 

500mA@100°C lOOV: TO-18 

10-16 

2N3030, J, JTX 

.5A@100°C 30V: TO-18 

10-16 

2N3031, J, JTX 

.5A@100°C 60V: TO-18 

10-16 

2N3032, J, JTX 

.5A@100°C lOOV: TO-18 

* 

2N3273 

2.2A@85‘’C lOOV: TO-39 

* 

2N3274 

2.2A@85°C 200V: TO-39 

* 

2N3275 

2.2A(§)85°C 300V: TO-39 

* 

2N3276 

2.2A@85°C 400V: TO-39 

4-19 

2N3418, J, JTX, JTXV 

POWER TRANSISTOR 

NPN: 3.0A: 60V: to-5 

4-19 

2N3419, J, JTX, JTXV 

NPN: 3.0A: 80V: to-5 

4-19 

2N3420, J, JTX, JTXV 

NPN: 3.0A: 60V: to-5 

4-19 

2N3421, J, JTX, JTXV 

NPN: 3.0A: 80V: to-5 

* 

2N3445 

NPN: 7.5A: 60V: TO-3 

* 

2N3446 

NPN: 7.5A: 80V: TO-3 

* 

2N3447 

NPN: 7.5A: 60V: TO-3 

* 

2N3448 

NPN: 7.5A: 80V: TO-3 

* 

2N3469 

NPN: 5.0A: 25V: TO-5 

* 

2N3555 

SCR 

1.6A: 30V: TO-39 

* 

2N3556 

1.6 A: 60V: TO-39 

* 

2N3557 

1.6A: lOOV: TO-39 

* 

2N3558 

1.6A: 200V: TO-39 

* 

2N3559 

1.6A: 30V: TO-39 

* 

2N3560 

1.6A: 60V: TO-39 

* 

2N3561 

1.6 A: 100 V: TO-39 

* 

2N3562 

1.6A: 200V: TO-39 

* 

2N3744 

POWER TRANSISTOR 

NPN: 5.0A: 40V: TO-lll 

* 

2N3745 

NPN: 5.0A: 60V: TO-lll 

* 

2N3746 

NPN: 5.0A: 80V: TO-lll 

* 

2N3747 

NPN: 5.0A: 40V: TO-lll 

* 

2N3748 

NPN: 5.0A: 60V: TO-lll 

4-15 

2N3749, J, JTX, JTXV 

NPN: 5.0A: 80V: TO-lll 

* 

2N3750 

NPN: 5.0A: 40V: TO-lll 

* 

2N3751 

NPN: 5.0A: 60V: TO-lll 

* 

2N3752 

NPN: 5.0A: 80V: TO-lll 

* 

2N3850 

NPN: 5.0A: 80V: TO-59 

* 

2N3851 

NPN: 5.0A: 80V: TO-59 

* 

2N3852 

NPN: 5.0A: 40V: TO-59 

* 

2N3853 

NPN: 5.0A: 40V: TO-59 

4-23 

2N3996, J, JTX, JTXV 

NPN: 5.0A: 80V: TO-lll 

4-23 

2N3997, J, JTX, JTXV 

NPN: 5.0A: 80V: TO-lll 

4-23 

2N3998, J, JTX, JTXV 

NPN: 5.0A: 80V: TO-59 

4-23 

2N3999, J, JTX, JTXV 

NPN: 5.0A: 80V: TO-59 
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* 

2N4000 

POWER TRANSISTOR 

NPN: l.OA: 80V: TO-5 

* 

2N4001 

NPN: l.OA: lOOV: TO-5 

* 

2N4070 

NPN: lO.OA: loov: to-3 

* 

2N4075 

NPN: 3.0A: 80V: TO-lll 

* 

2N4076 

NPN: 3.0A: 80V: TO-lll 

♦ 

2N4108 

SCR 

180mA@25“C 50V: TO-18 

♦ 

2N4109 

180mA@25°C lOOV: TO-18 

* 

2N4110 

180mA@25°C 200V: TO-18 

* 

2N4144 

250mA@75‘’C 15V: TO-18 

* 

2N4145 

250mA(§)75“C 30V: TO-18 

* 

2N4146 

250mA@75‘’C 60V: TO-18 

* 

2N4147 

250mA@75°C lOOV: TO-18 

* 

2N4148 

250mA@75°C 150V: TO-18 

* 

2N4149 

250mA@75°C 200V: TO-18 

4-27 

2N4150, J, JTX, JTXV 

POWER TRANSISTOR 

NPN: lO.OA: 70V: TO-5 

* 

2N4212 

SCR 

1.0A@85°C 25V: TO-39 

♦ 

2N4213 

1.0A@85“C 50V: TO-39 

* 

2N4214 

1.0A(a)85°C lOOV: TO-39 

* 

2N4215 

1.0A@85°C 150V: TO-39 

* 

2N4216 

1.0A(g)85°C 200V: TO-39 

* 

2N4217 

1.0A@85‘’C 250V: TO-39 

* 

2N4218 

1.0A@85°C 300V: TO-39 

* 

2N4219 

1.0A(§)85°C 400V: TO-39 

* 

2N4237-2N4239 

POWER TRANSISTOR 

NPN: l.OA 

* 

2N4300 

NPN: 2.0A 

4-31 

2N5038, J, JTX, JTXV 

NPN: 20.0A: 150V: TO-3 

4-31 

2N5039, J, JTX, JTXV 

NPN: 20.0A: 120V: to-3 

* 

2N5074-2N5075 

NPN: 3A: 200V: TO-59 

* 

2N5076-2N5077 

NPN: 3A: 250V: TO-59 

* 

2N5334 

NPN: 3A: 60V: TO-39 

* 

2N5335 

NPN: 3A: 80V: TO-39 

* 

2N5336-2N5337 

NPN: 5A: 80V: TO-39 

* 

2N5338-2N5339 

NPN: 5A: lOOV: TO-39 

* 

2N5346-2N5347 

NPN: 7A: 80V: TO-59 

* 

2N5348-2N5349 

NPN: 7A: lOOV: TO-59 

* 

2N5477-2N5478 

NPN: 7A: 80V: TO-59 

* 

2N5479-2N5480 

NPN: 7A: lOOV: TO-59 

4-35 

2N5552 

NPN: lOA: 80V: TO-5 

4-35 

2N5552-4 

NPN: lOA: 80V: TO-5 (Stud) 

4-37 

2N5658 

NPN: 20A: 80V: TO-59 

4-37 

2N5659 

NPN: 20A: 80V: TO-iii 

4-39 

2N5660, J, JTX, JTXV 

NPN: 3A: 200V: TO-66 

4-39 

2N5661, J, JTX, JTXV 

NPN: 3A: 300V: TO-66 

4-39 

2N5662, J, JTX, JTXV 

NPN: 3A: 200V: TO-5 

4-39 

2N5663, J, JTX, JTXV 

NPN: 3A: 300V: to-5 

4-44 

2N5664, J, JTX, JTXV 

NPN: 5A: 200V: TO-66 

4-44 

2N5665, J, JTX, JTXV 

NPN: 5A: 300V: TO-66 

4-44 

2N5666, J, JTX, JTXV 

NPN: 5A: 200V: to-5 

4-44 

2N5667, J, JTX, JTXV 

NPN: 5A: 300V: to-5 

4-49 

2N5671 

NPN: 30A: 120V: TO-3 

4-49 

2N5672 

NPN: 30A: 150V: TO-3 

10-22 

2N5724 

SCR 

1.6A(a)85“C 60V: TO-39 

10-22 

2N5725 

1.6A@85°C lOOV: TO-39 

10-22 

2N5726 

1.6A@85°C 200V: TO-39 

10-22 

2N5727 

1.6A@85°C300V: TO-39 

10-22 

2N5728 

1.6A(a)85°C 400V: TO-39 

4-53 

2N5838 

POWER TRANSISTOR 

NPN: 3A: 275V: TO-3 

4-53 

2N5839 

NPN: 3 A: 300V: TO-3 
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4-53 

2N5840 

* 

2N6077 

* 

2N6078 

10-26 

2N6119 

10-26 

2N6120 

10-30 

2N6137 

* 

2N6233 

* 

2N6234 

* 

2N6235 

4-57 

2N6249 

4-57 

2N6250 

4-57 

2N6251 

4-61 

2N6306, J, JTX JTXV 

4-61 

2N6307 

4-61 

2N6308, J, JTX, JTXV 

* 

2N6332 

* 

2N6333 

* 

2N6334 

* 

2N6335 

* 

2N6336 

* 

2N6337 

4-65 

2N6350, J, JTX, JTXV 

4-65 

2N6351, J. JTX. JTXV 

4-65 

2N6352, J, JTX, JTXV 

4-65 

2N6353, J, JTX, JTXV 

4-70 

2N6354 

4-70 

2N6496 

4-74 

2N6510 

4-74 

2N6511 

4-74 

2N6512 

4-74 

2N6513 

4-74 

2N6514 

4-78 

2N6542 

4-78 

2N6543 

4-82 

2N6544 

4-82 

2N6545 

4-86 

2N6546. J, JTX, JTXV 

4-86 

2N6547, J, JTX, JTXV 

* 

2N6579 

* 

2N6580 

* 

2N6581 

* 

2N6582 

* 

2N6583 

* 

2N6584 

4-90 

2N6671 

4-90 

2N6672 

4-90 

2N6673 

4-94 

2N6674 

4-94 

2N6675 

4-98 

2N6676 

4-102 

2N6676, J, JTX, JTXV 

4-98 

2N6677 

4-98 

2N6678 

4-102 

2N6678, J, JTX, JTXV 

4-106 

2N6755 

4-106 

2N6756, J, JTX, JTXV 

4-110 

2N6757 


PUT 

400mW@25°C 40V; TO-18 
400mW@2-5"C 40V; TO-18 
300mW@25°C 40V; TO-18 
POWER TRANSISTOR 
NPN; 5A; 225V; TO-66 
NPN; 5A; 275V; TO-66 
NPN; 5A; 325V; TO-66 
NPN; lOA; 300V; TO-3 
NPN; lOA; 375V; TO-3 
NPN; lOA; 450V; TO-3 
NPN; 8.0A; 500V; TO-3 
NPN; 8.0A; 600V; TO-3 
NPN; 8.0A; 700V; TO-3 
SCR 

2.0A@80°C 30V; TO-39 
2.0A@80°C 50V; TO-39 
2.0A@80°C lOOV; TO-39 
2.0A@80°C 200V; TO-39 
2.0A@80°C 300V; TO-39 
2.0A@80°C 400V; TO-39 
POWER DARLINGTON 
NPN; lO.OA; 80V; TO-33 
NPN; lO.OA; 150V; TO-33 
NPN; lO.OA; 80V; TO-66 
NPN; lO.OA; 150V; TO-66 
POWER TRANSISTOR 
NPN; lO.OA; 150V; TO-3 
NPN; 15.0A; 150V; TO-3 
NPN; 7.0A; 250V; TO-3 
NPN; 7.0A; 300V; TO-3 
NPN; 7.0A; 350V; TO-3 
NPN; 7.0A; 400V; TO-3 
NPN; 7.0A; 350V; TO-3 
NPN; 5A; 650V; TO-3 
NPN; 5A; 850V; TO-3 
NPN; 8.0A; 650V; TO-3 
NPN; 8.0A; 850V; TO-3 
NPN; 15 A; 650V; TO-3 
NPN; 15A; 850V; TO-3 
NPN; lOA; 350V; TO-3 
NPN; lOA; 400V; TO-3 
NPN; lOA; 450V; TO-3 
NPN; lOA; 350V; TO-3 
NPN; lOA; 400V; TO-3 
NPN; lOA; 450V; TO-3 
NPN; 8A; 450V; TO-3 
NPN; 8A; 550V; TO-3 
NPN; 8A; 650V; TO-3 
NPN; lOA; 450V; TO-3 
NPN; lOA; 650V; TO-3 
NPN; 15A; 450V; TO-3 
NPN; 15A; 450V; TO-3 
NPN; 15A; 550V; TO-3 
NPN; 15A; 650V; TO-3 
NPN; 15A; 650V; TO-3 
POWER MOSFET 
TRANSISTOR 
12A; 60V; 0.250; TO-3 
14A; lOOV; 0.180; TO-3 
8A; 150V; 0.60; TO-3 


4-110 

2N6758, J, JTX, JTXV 

4-114 

2N6759 

4-114 

2N6760, J, JTX, JTXV 

4-118 

2N6761 

4-118 

2N6762, J, JTX, JTXV 

4-122 

2N6763 

4-122 

2N6764, J, JTX, JTXV 

4-126 

2N6765 

4-126 

2N6766, J, JTX, JTXV 

4-130 

2N6767 

4-130 

2N6768, J, JTX, JTXV 

4-134 

2N6769 

4-134 

2N6770, J, JTX, JTXV 

4-138 

2N6781 

4-138 

2N6782 

4-144 

. 2N6783 

4-144 

2N6784 

4-150 

2N6785 

4-150 

2N6786 

4-156 

2N6787 

4-156 

2N6788 

4-162 

2N6789 

4-162 

2N6790 

4-168 

2N6791 

4-168 

2N6792 

4-174 

2N6793 

4-174 

2N6794 

4-180 

2N6795 

4-180 

2N6796 

4-186 

2N6797 

4-186 

2N6798 

4-192 

2N6799 

4-192 

2N6800 

4-198 

2N6801 

4-198 

2N6802 

8-8 

469-1, J, JTX 

•8-8 

469-2, J, JTX 

8-8 

469-3, J, JTX 

8-10 

483-1, JTX 

8-10 

483-2, JTX 

8-10 

483-3, JTX 

8-12 

673-1 

8-12 

673-2 

8-12 

673-3 

8-12 

673-4 

8-12 

673-5 

8-12 

673-6 

8-14 

673-7 

8-14 

673-7.5 

8-14 

673-8 

8-14 

673-8.5 

8-14 

673-9 

8-14 

673-10 

8-14 

673-11 

8-14 

673-12 

8-12 

676-1 

8-12 

676-2 

8-12 

676-3 

8-12 

676-4 


POWER MOSFET 
TRANSISTOR 

9A; 200V; 0.40; TO-3 
4.5A; 350V; 1.50; TO-3 
5.5A; 400V; 1.00; TO-3 
4A; 450V; 2.00; TO-3 
4.5A; 500V; 1.50; TO-3 
31 A; 60V; 0.080; 

TO-3 (Modified) 

38A; lOOV; 0.0550; 

TO-3 (Modified) 

25A; 150V; 0.1200; 

TO-3 (Modified) 

30A; 200V; 0.0850; 

TO-3 (Modified) 

12A; 350V; 0.40; TO-3 
14A; 400V; 0.30; TO-3 
llA; 450V; 0.50; TO-3 
12A; 500V; 0.40; TO-3 
3.5A; 60V; 0.60; TO-39 
3.5A; lOOV; 0.60; TO-39 
2.25A; 150V; 1.50; TO-39 
2.25A; 200V; 1.50; TO-39 
1.25A; 350V; 3.60; TO-39 
1.25A; 400V; 3.60; TO-39 
6.0A; 60V; 0.30; TO-39 
6.0A; lOOV; 0.30; TO-39 
3.5A; 150V; 0.80; TO-39 
3.5A; 200V; 0.80; TO-39 
2.0A; 350V; 1.80; TO-39 
2.0A; 400V; 1.80; TO-39 
1.5A; 450V; 3.00; TO-39 
1.5A; 500V; 3.00; TO-39 
8.0A; 60V; .180; TO-39 
8.0A; lOOV; .180; TO-39 
5.5A; 150V; 0.40; TO-39 
5.5A; 200V; 0.40; TO-39 
3.0A; 350V; 1.00; TO-39 
3.0A; 400V; 1.00; TO-39 
2.5A; 450V; 1.50; TO-39 
2.5A; 500V; 1.50; TO-39 
FULL WAVE BRIDGE 
1 ph; lOA; 200V 
1 ph; lOA; 400V 
1 ph; lOA; 600V 
3 ph; 25.0A; 200V 
3 ph; 25.0A; 400V 
3 ph; 25.0A; 600V 
1 ph; 1.5A; lOOV 
1 ph; 1.5A; 200V 
1 ph; 1.5A; 300V 
1 ph; 1.5A; 400V 
1 ph; 1.5A; 500V 
1 ph; 1.5A; 600V 
1 ph; 0.6A; 1200V 
1 ph; 0.5A; 1800V 
1 ph; 0.4A: 2400V 
1 ph; 0.3A; 3000V 
1 ph; 0.2A; 3600V 
1 ph; .18A; 4200V 
1 ph; .16A; 4800V 
1 ph; .16A; 5000V 
1 ph; l.OA; lOOV 
1 ph; l.OA; 200V 
1 ph; l.OA; 300V 
1 ph; l.OA; 400V 
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POWER TRANSISTOR 

NPN; 3A; 375V; TO-3 
NPN; 7A; 300V; TO-66 
NPN; 7A; 275V; TO-66 


* Contact Unitrode 
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8-12 

676-5 

FULL WAVE BRIDGE 

1 ph; l.OA; 500V 

8-12 

676-6 

1 ph; l.OA; 600V 

8-14 

676-12 

1 ph; 0.4A; 1200V 

8-14 

676-18 

1 ph; .35A; 1800V 

8-14 

676-24 

1 ph; .325A; 2400V 

8-14 

676-30 

1 ph; .25A; 3000V 

8-14 

676-36 

1 ph; .175A; 3600V 

8-14 

676-42 

1 ph; .15A; 4200V 

8-14 

676-48 

1 ph; .135A; 4800V 

8-14 

676-50 

1 ph; .125A; 5000V 

8-17 

678-1 

3 ph; 25A; lOOV 

8-17 

678-2 

3 ph; 25A; 200V 

8-17 

678-3 

3 ph; 25A; 300V 

8-17 

678-4 

3 ph; 25A; 400V 

8-17 

678-5 

3 ph; 25A; 500V 

8-17 

678-6 

3 ph; 25A; 600V 

8-20 

679-1 

1 ph; 25A: lOOV 

8-20 

679-2 

1 ph; 25A; 200V 

8-20 

679-3 

1 ph; 25A; 300V 

8-20 

679-4 

1 ph; 25A; 400V 

8-20 

679-5 

1 ph; 25A; 500V 

8-20 

679-6 

1 ph; 25A; 600V 

8-20 

680-1 

1 ph; lOA; lOOV 

8-20 

680-2 

1 ph; lOA; 200V 

8-20 

680-3 

1 ph; lOA; 300V 

8-20 

680-4 

1 ph; lOA; 400V 

8-20 

680-5 

1 ph; lOA; 500V 

8-20 

680-6 

1 ph; lOA; 600V 

8-23 

681-1 

DOUBLER OR 
CENTER-TAP 

15A; lOOV 

8-23 

681-2 

15 A; 200V 

8-23 

681-3 

15A; 300V 

8-23 

681-4 

15A; 400V 

8-23 

! 681-5 

15A; 500V 

8-23 

681-6 

15A; 600V 

8-17 

682-1 

FULL WAVE BRIDGE 

3 ph; 20A; lOOV 

8-17 

682-2 

3 ph; 20A; 200V 

8-17 

682-3 

3 ph; 20A; 300V 

8-17 

682-4 

3 ph; 20A; 400V 

8-17 

682-5 

3 ph; 20A; 500V 

8-17 

! 682-6 

3 ph; 20A; 600V 

8-20 

683-1 

1 ph; 20A; lOOV 

8-20 

683-2 

1 ph; 20A; 200V 

8-20 

683-3 

1 ph; 20A; 300V 

8-20 

683-4 

1 ph; 20A; 400V 

8-20 

683-5 

1 ph; 20A; 500V 

8-20 

683-6 

1 ph; 20A; 600V 

8-20 

684-1 

1 ph; lOA; lOOV 

8-20 

684-2 

1 ph; lOA; 200V 

8-20 

684-3 

1 ph; lOA; 300V 

8-20 

684-4 

1 ph; lOA; 400V 

8-20 

684-5 

1 ph; lOA; 500V 

8-20 

684-6 

1 ph; lOA; 600V 

7-13 

688-10 

RECTIFIER MODULE 

lOkV 

7-13 

688-12 

12kV 

7-13 

688-15 

15kV 

7-13 

688-18 

18kV 

7-13 

688-20 

20kV 

7-13 

688-25 

25kV 
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PART NUMBER 
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DOUBLER OR 



CENTER-TAP 

8-23 

689-1 

15A; lOOV 

8-23 

689-2 

15A; 200V 

8-23 

689-3 

15A; 300V 

8-23 

689-4 

15A; 400V 

8-23 

689-5 

15A; 500V 

8-23 

689-6 

15A; 600V 



FULL WAVE BRIDGE 

8-17 

695-1 

3 ph; 15A; lOOV 

8-17 

695-2 

3 ph; 15A; 200V 

8-17 

695-3 

3 ph; 15A; 300V 

8-17 

695-4 

3 ph; 15A; 400V 

8-17 

695-5 

3 ph; 15A; 500V 

8-17 

695-6 

3 ph; 15A; 600V 

8-17 

696-1 

3 ph; 15A; lOOV 

8-17 

696-2 

3 ph; 15A; 200V 

8-17 

696-3 

3 ph; 15A; 300V 

8-17 

696-4 

3 ph; 15A; 400V 

8-17 

696-5 

3 ph; 15A; 500V 

8-17 

696-6 

3 ph; 15A; 600V 

8-25 

697-1 

1 ph; 2.5A; lOOV 

8-25 

697-2 

1 ph; 2.5A; 200V 

8-25 

697-3 

1 ph; 2.5A; 300V 

8-25 

697-4 

1 ph; 2.5A; 400V 

8-25 

697-5 

1 ph; 2.5A; 500V 

8-25 

697-6 

1 ph; 2.5A; 600V 

8-25 

698-1 

1 ph; 2.25A; lOOV 

8-25 

698-2 

1 ph; 2.25A; 200V 

8-25 

698-3 

1 ph; 2.25A; 300V 

8-25 

698-4 

1 ph; 2.25A; 400V 

8-25 

698-5 

1 ph; 2.25A; 500V 

8-25 

698-6 

1 ph; 2.25A; 600V 

8-27 

700-1 

3 ph; 2.5A; lOOV 

8-27 

700-2 

3 ph; 2.5A; 200V 

8-27 

700-3 

3 ph; 2.5A; 300V 

8-27 

700-4 

3 ph; 2.5A; 400V 

8-27 

700-5 

3 ph; 2.5A; 500V 

8-27 

700-6 

3 ph; 2.5A; 600V 

8-27 

701-1 

3 ph; 2.25A; lOOV 

8-27 

701-2 

3 ph; 2.25A; 200V 

8-27 

701-3 

3 ph; 2.25A; 300V 

8-27 

701-4 

3 ph; 2.25A; 400V 

8-27 

701-5 

3 ph; 2.25A; 500V 

8-27 

701-6 

3 ph; 2.25A; 600V 

8-29 

800-1 

3 ph; 40A; 50V 

8-29 

800-2 

3 ph; 40A; lOOV 

8-29 

800-3 

3 ph; 40A; 125V 

8-29 

800-4 

3 ph; 40 A; 150V 

8-29 

801-1 

3 ph; 20A; 50V 

8-29 

801-2 

3 ph; 20A: lOOV 

8-29 

801-3 

3 ph; 20A; 125V 

8-29 

801-4 

3 ph; 20A; 150V 

8-32 

802-1 

1 ph; 35A; 50V 

8-32 

802-2 

1 ph; 35A; lOOV 

8-32 

802-3 

1 ph; 35A: 125V 

8-32 

802-4 

1 ph; 35A; 150V 

8-32 

803-1 

1 ph; 20A; 50V 

8-32 

803-2 

1 ph; 20A; lOOV 

8-32 

803-3 

1 ph; 20A; 125V 

8-32 

803-4 

1 ph; 20A; 150V 



DOUBLER OR 



CENTER-TAP 

8-35 

804-1 

20A; 50V 

8-35 

804-2 

20A; lOOV 


* Contact Unitrode 
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BA155 

BA166 

BA167W 

BA 180 

BA181 

BA209 

BA219 

BA220 

BA221 

BAS 17 

BAVIO 

BAV18 

BAV19 

BAV20 

BAV21 

BAW24 

BAW25 

BAW26 

BAW27 

BAW62 

BAW75 


DOUBLER OR 
CENTER-TAP 

20A; 125V 
20A: 150V 

SCR 

0.5A@100‘’C 60V; TO-18 
0.5A@100°C lOOV; TO-18 
0.5A@100*’C 200V; TO-18 
0.5A@100°C 300V; TO-18 
0.5A@100°C 400V; TO-18 
0.5A@100°C 60V; TO-18 
0.5A@100°C lOOV; TO-18 
0.5A@100°C 200V; TO-18 
0.5A@100°C 300V; TO-18 
0.5A@100°C 400V; TO-18 
0.5A@100°C 60V; TO-18 
0.5A@100°C lOOV; TO-18 
0.5A@100°C 200V; TO-18 
0.5A@100°C 300V; TO-18 
0.5A@100°C 400V; TO-18 
1.6A@85°C 60V; TO-39 
1.6A@85°C lOOV; TO-39 
1.6A@85°C 200V; TO-39 
1.6A@85°C300V; TO-39 
1.6A@85°C 400V; TO-39 
1.6A@85°C 60V; TO-39 
1.6A@85°C lOOV; TO-39 
1.6A@85°C 200V; TO-39 
1.6A@85°C 300V; TO-39 
1.6A@85°C 400V; TO-39 
1.6A@85°C 60V TO-39 
1.6A@85°C lOOV; TO-39 
1.6A@85°C 200V; TO-39 
1.6A@85°C 300V; TO-39 
1.6A@85°C 400V; TO-39 
DIODE 

200mA; lOOV; DO-35 
225mA; 200V; DO-35 
75mA; 35V; DO-35 

SCR 

0.5A@100°C 30V; TO-18 
0.5A@100°C 60V; TO-18 
0.5A@100°C lOOV; TO-18 

DIODE 

100mA; 150V; DO-35 
50mA; 20V; DO-35 
50mA; 25V; DO-35 
50mA; lOV; DO-35 
50mA; 20V; DO-35 
225mA; lOOV; DO-35 
100mA; lOOV; DO-35 
200mA; lOV; DO-35 
200mA; 30V; DO-35 
100mA; 30V; DO-35 
300mA; 60V; DO-35 
250mA; 60V; DO-35 
250mA; 120V; DO-35 
250mA; 180V; DO-35 
250mA; 250V; DO-35 
600mA; 50V; DO-35 
600mA; 50V; DO-35 
600mA; 75V; DO-35 
600mA; 75V; DO-35 
100mA; 75V; DO-35 
300mA; 35V; DO-35 


BDY55 

BDY56 

BDY57 

BDY58 

BDY90 

BDY90A 

BDY91 

BDY92 

BUR23 

BUR24 

BUSH 

BUSllA 

BUS12 

BUS12A 

BUS13 

BUS13A 

BUS14 

BUS14A 

BUTIO 

BUTIOA 

BUTll 

BUTllA 

BUV23 

BUV24 

BUV46 

BUW24 

BUW25 

BUW26 

BUW34 

BUW35 

BUW36 

BUW42 

BUW44 

BUW45 

BUW46 

BUW88 

BUW88A 

BUXll 

BUX12 


DIODE 

300mA; 75V; DO-35 
400mA; 90V; DO-35 
75mA; 50V; DO-35 
200mA; 150V; DO-35 
200mA; 200V; DO-35 
350mA; 90V; DO-35 
75mA; 50V; DO-35 
75mA; 50V; DO-35 
250mA; 60V; DO-35 
250mA; 120V; DO-35 
250mA; 180V; DO-35 
250mA; 350V; DO-35 
15V; DO-35 
100mA; 30V; DO-35 
225mA; 40V; DO-35 
225mA; 60V; DO-35 
225mA; 80V; DO-35 
250mA; 50V; DO-35 
250mA; 150V; DO-35 
250mA; 300V; DO-35 
115mA; 25V; DO-35 
75mA; 70V; DO-35 
225mA; 125V; DO-35 
225mA; 125V; DO-35 
250mA; 150V; DO-35 
POWER TRANSISTOR 
NPN; 15A; 60V; TO-3 
NPN; 15A; 120V; TO-3 
NPN; 25A; 80V; TO-3 
NPN; 25A; 125V; TO-3 
NPN; 15A; lOOV; TO-3 
NPN; 15A; lOOV; TO-3 
NPN; 15A; 80V; TO-3 
NPN; 15A; 60V; TO-3 
NPN; 30A; 325V; TO-3 
NPN; 30A; 400V; TO-3 
NPN; 5A; 400V; TO-3 
NPN; 5A; 450V; TO-3 
NPN; 8A; 400V; TO-3 
NPN; 8A; 450V; TO-3 
NPN; 15A; 400V; TO-3 
NPN; 15A; 450V; TO-3 
NPN; 30A; 400V; TO-3 
NPN; 30A; 450V; TO-3 
NPN; 2A; 400V; TO-220 
NPN; 2A; 450V; TO-220 
NPN; 5A; 400V; TO-220 
NPN; 5A; 450V; TO-220 
NPN; 30A; 325V; TO-3 
NPN; 20A; 400V; TO-3 
NPN; 6A; 400V; TO-220 
NPN; lOA; 350V; TO-3 
NPN; lOA; 400V; TO-3 
NPN; lOA; 450V; TO-3 
NPN; lOA; 400V; TO-3 
NPN; lOA; 400V; TO-3 
NPN; lOA; 450V; TO-3 
NPN; 15A; 400V; TO-3 
NPN; 15A; 400V; TO-3 
NPN; 15A; 400V; TO-3 
NPN; 15A; 450V; TO-3 
NPN; 6A; 375V; TO-220 
NPN; 6A; 400V; TO-220 
NPN; 20A; 200V; TO-3 
NPN; 20A; 250V; TO-3 


‘ Contact Unitrode 
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* 

BUX13 

POWER TRANSISTOR 

NPN; 15A; 325V; TO-3 

* 

BUX14 

NPN; lOA; 400V; TO-3 

* 

BUX23 

NPN; 30A; 325V; TO-3 

* 

BUX24 

NPN; 20 A; 400V; TO-3 

* 

BUX39 

NPN; 30A; 90V; TO-3 

* 

BUX40 

NPN; 20A; 125V; TO-3 

* 

BUX41 

NPN; 15A; 200V; TO-3 

* 

BUX42 

NPN; 12 A; 250V; TO-3 

* 

BUX43 

NPN; lOA; 325V; TO-3 

* 

BUX44 

NPN; 8A; 400V; TO-3 

* 

BUX46 

NPN; 3.5A; 400V: TO-3 

* 

BUX47 

NPN; 9A: 400V; TO-3 

* 

BUX47A 

NPN; 9A: 450V; TO-3 

* 

BUX48 

NPN; 15 A; 400V: TO-3 

* 

BUX48A 

NPN; 15A; 450V: TO-3 

* 

BUX80 

NPN; lOA; 400V; TO-3 

* 

BUX81 

NPN; lOA; 450V: TO-3 

* 

BUX82 

NPN; 6A; 400V; TO-3 

* 

BUX83 

NPN; 6A: 450V: TO-3 

* 

BUX84 

NPN; 2 A; 400V: TO-220 

* 

BUX85 

NPN; 2A: 450V; TO-220 

* 

BUX97 

NPN; 6A: 350V; TO-3 

* 

BUX97A 

NPN; 6A; 400V: TO-3 

* 

BUX97B 

NPN; 6A: 450V: TO-3 

* 

BUX98 

NPN; 30 A; 400V: 

* 

BUX98A 

TO-3 (Modified) 

NPN; 30 A; 450V: 

* 

BUY69A 

TO-3 (Modified) 

NPN; lOA; 400V; TO-3 

* 

BUY69B 

NPN; lOA; 325V; TO-3 

* 

BUY69C 

NPN; lOA; 200V: TO-3 

* 

BY401 

DIODE 

500mA: 50V: DO-7 

* 

BY402 

500mA: lOOV; DO-7 

* 

BY403 

500mA: 200V: DO-7 

* 

BY404 

500mA; 400V: DO-7 

* 

BYS60-45 

SCHOTTKY RECTIFIER 

60A: 45V: DO-5 

* 

BYS75-20 

75A: 20V; DO-5 

* 

BYS75-30 

75A: 30V: DO-5 

* 

BYS75-45 

75A; 45V; DO-5 

* 

BYV19-35 

12A: 35V; TO-220AC 

* 

BYV19-40 

12A; 40V: T0-220AC 

* 

BYV19-45 

12A: 45V; T0-220AC 

* 

BYV23-35/; 

75A: 35V; DO-5 

* 

BYV23-45// 

75A: 45V: DO-5 

* 

BYV27-50 

RECTIFIER 

2.5A; 50V 

* 

BYV27-100 

2.5A: lOOV 

* 

BYV27-150 

2.5A: 150V 

* 

BYV28-50 

3.5A; 50V 

* 

BYV28-100 

3.5A; lOOV 

* 

BYV28-150 

3.5A: 150V 

* 

BYV28-200 

3.5A: 200V 

* 

BYV33-35 

SCHOTTKY RECTIFIER 

16A: 35V: TO-220AB 

* 

BYV33-40 

16A: 40V: TO-220AB 

* 

BYV33-45 

16A: 45V: T0-220AB 

* 

BYV79-50 

RECTIFIER 

16A; 50V: TO-220AC 

* 

BYV79-100 

16A; lOOV; TO-220AC 

* 

BYV79-150 

16A; 150V; TO-220AC 

* 

BYV79-200 

16A: 200V: T0-220AC 

* 

BYW27-50 

2.0A; 50V 


PAGE 

PART NUMBER 
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* 

BYW27-100 

RECTIFIER 

2.0A; lOOV 

* 

BYW27-150 

2.0A; 150V 

* 

BYW27-200 

2.0A; 200V 

* 

BYW29-50 

7.0A; 50V; TO-220AC 

* 

BYW29-100 

7.0A: lOOV; TO-220AC 

* 

BYW29-150 

7.0A: 150V: TO-220AC 

* 

BYW29-200 

7.0A; 200V; TO-220AC 

* 

BYW31-50 

25A; 50V; DO-4 

* 

BYW3 1-100 

25A: lOOV; DO-4 

* 

BYW3 1-150 

25A: 150V: DO-4 

* 

BYW51-50 

16A; 50V: TO-220AB 

* 

BYW5 1-100 

16A: lOOV; TO-220AB 

* 

BYW51-150 

16A: 150V; TO-220AB 

* 

BYW5 1-200 

16A: 200V: T0-220AB 

* 

BYW77-50 

30A: 50V; DO-4 

* 

BYW77-100 

30A: lOOV; DO-4 

* 

BYW77-150 

30A; 150V: DO-4 

* 

BYW77-200 

30A: 200V: DO-4 

* 

BYW78-50 

1 50A: 50V; DO-5 

* 

BYW78-100 

50A; lOOV; DO-5 

* 

BYW78-150 

50A: 150V: DO-5 

* 

BYW78-200 

50A; 200V; DO-5 

* 

BYW80-50 

7.0A: 50V: TO-220AC 

* 

BYW80-100 

7.0A: lOOV; TO-220AC 

* 

BYW80-150 

7.0A: 150V; TO-220AC 

* 

BYW80-200 

7.0A: 200V: TO-220AC 

* 

BYW81-50 

25A; 50V: DO-4 

* 

BYW8 1-100 

25A: lOOV; DO-4 

* 

BYW81-150 

25A; 150V; DO-4 

* 

BYW8 1-200 

25A; 200V: DO-4 

* 

BYW93-50iU 

70A; 50V: DO-5 

* 

BYW93-100/U 

70A; lOOV; DO-5 

* 

BYW93-150y[/ 

70A; 150V: DO-5 

* 

BYW93-200/; 

70A; 200V; DO-5 

* 

BYW99-50 

30A: 50V: TO-3 

* 

BYW99-100 

30A: lOOV; TO-3 

* 

BYW99-150 

30A; 150V; TO-3 

* 

BZV16C6V8 

ZENERS 

7%: 3W 

* 

BZV16C7V8 

7%: 3W 

* 

BZV16C8V2 

7%; 3W 

* 

BZV16C9V1 

7%: 3W 

* 

BZV16C10 

7%; 3W 

* 

BZV16C11 

7%; 3W 

* 

BZV16C12 

7%; 3W 

* 

BZV16C13 

7%; 3W 

* 

BZV16C15 

7%: 3W 

* 

BZV16C16 

7%; 3W 

* 

BZV16C18 

7%; 3W 

* 

BZV16C20 

7%; 3W 

* 

BZV16C22 

7%: 3W 

* 

BZV16C24 

7%; 3W 

* 

BZV16C27 

7%: 3W 

* 

BZV16C30 

7%: 3W 

* 

BZV16C33 

7%: 3W 

* 

BZV16C36 

7%; 3W 

* 

BZV16C39 

7%; 3W 

* 

BZV16C43 

7%; 3W 

* 

BZV16C47 

7%: 3W 

* 

BZV16C51 

7%; 3W 

* 

BZV16C56 

7%: 3W 

* 

BZV16C62 

7%: 3W 

* 

BZV16C68 

7%; 3W 

* 

BZV16C75 

7%; 3W 

* 

BZV16C82 

7%: 3W 


* Contact Unit rode 
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♦ 

CB200 

SCR 

0.5A(§)100°C 30V: TO-18 

* 

CB201 

0.5A@100°C 60V; TO-18 

* 

CB202 

0.5A(a)100°C lOOV; TO-18 

* 

CB203 

0.5A@100‘’C 200V: TO-18 

* 

CD200 

1.6A(g)85°C 30V; TO-39 

* 

CD201 

1.6A(§)85‘’C60V: TO-39 

* 1 

CD202 

1.6A(a)85°C lOOV; TO-39 

* 

CD203 

1.6A(®85“C 200V: TO-39 

10-40 

GAIOO 

400mA(§)100°C 30V; TO-18 

10-40 

GAlOl 

400mA(§)100°C 60V: TO-18 

10-40 

GA102 

400mA@100°C 80V: TO-18 

10-44 

GA200-GA200A 

60V; TO-18 

10-44 

GA201-GA201A 

lOOV; TO-18 

10-44 

GA300-GA300A 

60V; TO-18 

10-44 

GA301-GA301A 

lOOV; TO-18 

10-44 

GB200-GB200A 

60V; TO-59 

10-44 

GB201-GB201A 

lOOV; TO-59 

10-47 

GB300-GB300A 

60V: TO-59 

10-47 

GB301-GB301A 

lOOV; TO-59 

7-15 

HAIO 

HIGH VOLTAGE 
RECTIFIER 

1.0 kV 

7-15 

HA15 

1.5kV 

7-15 

HA20 

2.0 kV 

7-15 

HA25 

2.5kV 

7-15 

HA30 

3.0kV 

7-15 

HA40 

4.0kV 

7-15 

HA50 

5.0kV 

7-15 

HA75 

7.5kV 

7-15 

HAIOO 

lOkV 

7-17 

HSIO 

l.OkV 

7-17 

HS15 

1.5kV 

7-17 

HS20 

2.0kV 

7-17 

HS25 

2.5kV 

7-17 

HS30 

3.0kV 

7-17 

HS40 

4.0kV 

7-17 

HS50 

5.0kV 

7-17 

HS75 

7.5kV 

7-17 

HSIOO 

lOkV 

7-17 

HVEIO (1N3643) 

1.0 kV 

7-17 

HVE15 (1N3644) 

1.5kV 

7-17 

HVE20 (1N3645) 

2.0kV 

7-17 

HVE25 (1N3646) 

2.5kV 

7-17 

HVE30 (1N3647) 

3.0kV 

7-17 

HVE40 (1N5181) 

4.0kV 

7-17 

HVE50 (1N5182) 

5.0kV 

7-17 

HVE75 (1N5183) 

7.5kV 

7-17 

HVEIOO (1N5184) 

lOkV 

7-19 

HVF2500 

2.5kV 

7-19 

HVF5000 

5.0kV 

7-19 

HVF7500 

7.5kV 

7-19 

HVFIOOOO 

lOkV 

7-19 

HVF12500 

12.5kV 

7-19 

HVF15000 

15kV 

7-19 

HVF20000 

20kV 

7-19 

HVF25000 

25kV 

7-21 

HVFS2500 

2.5kV 

7-21 

HVFS5000 

5.0kV 

7-21 

HVFS7500 

7.5kV 

7-21 

HVFS 10000 

lOkV 

7-21 

HVFS12500 

12.5kV 

7-21 

HVFS 15000 

15kV 

7-21 

HVFS17500 

17.5kV 

7-21 

HVFS20000 

20kV 


7-23 

HVH5000 

5.0kV 

7-23 

HVH7500 

7.5kV 

7-23 

HVH 10000 

lOkV 

7-23 

HVH 12500 

12.5kV 

7-23 

HVH 15000 

15kV 

7-23 

HVH20000 

20kV 

7-23 

HVH25000 

25kV 

7-25 

HVHF5000 

5.0kV 

7-25 

HVHF7500 

7.5kV 

7-25 

HVHFIOOOO 

lOkV 

7-25 

HVHF12500 

12.5kV 

7-25 

HVHF15000 

15kV 

7-25 

HVHF20000 

20kV 

7-25 

HVHF25000 

25kV 

7-27 

HVHJ15K 

15kV 

7-27 

HVHJ20K 

20kV 

7-27 

HVHJ22.5K 

22.5kV 

7-27 

HVHJ25K 

25kV 

7-27 

HVHJ30K 

30kV 

7-27 

HVHJ35K 

35kV 

7-27 

HVHJ37.5K 

37.5kV 

7-27 

HVHJ40K 

40kV 

7-27 

HVHJ45K 

45kV 

7-29 

HVHS2500 

2.5kV 

7-29 

HVHS5000 

5.0kV 

7-29 

HVHS7500 

7.5kV 

7-29 

HVHSIOOOO 

lOkV 

7-29 

HVHS12500 

12.5kV 

7-29 

HVHS15000 

15kV 

7-29 

HVHS17500 

17.5kV 

7-29 

HVHS20000 

20kV 

7-31 

HVJX15K 

15kV 

7-31 

HVJX20K 

20kV 

7-31 

HVJX22.5K 

22.5kV 

7-31 

HVJX25K 

25kV 

7-31 

HVJX30K 

30kV 

7-31 

HVJX35K 

35kV 

7-31 

HVJX37.5K 

37.5kV 

7-31 

HVJX40K 

40kV 

7-31 

HVJX45K 

45kV 

7-15 

HVXIO 

1.0 kV 

7-15 

HVX15 

1.5kV 

7-15 

HVX20 

2.0kV 

7-15 

HVX25 

2.5kV 

7-15 

HVX30 

3.0kV 

7-15 

HVX40 

4.0kV 

7-15 

HVX50 

5.0kV 

7-15 

HVX75 

7.5kV 

7-15 

HVXlOO 

lOkV 

SCR 

10-50 

ID 100 

0.5A@100°C 30V: TO-18 

10-50 

IDlOl 

0.5A(§>100°C 60V: TO-18 

10-50 

ID102 

0.5A(g)100“C lOOV; TO-18 

10-50 

ID103 

0.5A(§)100°C 150V: TO-18 

10-50 

ID 104 

0.5A@100“C 200V; TO-18 

10-50 

ID105 

0.5A(g)100°C 300V: TO-18 

10-50 

ID106 

0.5A@100“C 400V: TO-18 

10-53 

ID200 

1.6A(§)70‘*C 50V: TO-39 

10-53 

ID201 

1.6A(§)70°C lOOV; TO-39 

10-53 

ID202 

1.6A@70°C 150V; TO-39 

10-53 

ID203 

1.6A@70°C 200V: TO-39 

10-53 

ID300 

1.6A(§)70°C 300V: TO-39 

10-53 

ID301 

1.6A(§570°C400V: TO-39 
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HIGH VOLTAGE 
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PART NUMBER INDEX 


PAGE 

PART NUMBER 

DESCRIPTION 


PAGE 

PART NUMBER 

DESCRIPTION 



HIGH VOLTAGE 




POWER HYBRIDS 



RECTIFIER 




& MODULES 

7-33 

KX15 

1.5kV 


5-12 

PIC646 

15.0A: 80V (Pos.): TO-3 

7-33 

KX20 

2.0kV 


5-12 

PIC647 

15.0A: lOOV (Pos.): TO-3 

7-33 

KX25 

2.5kV 


5-12 

PIC655 

15.0A: 60V (Neg.): TO-3 

7-33 

KX30 

3.0kV 


5-12 

PIC656 

15.0A: 80V (Neg.): TO-3 

7-33 

KX40 

4.0kV 


5-12 

PIC657 

15.0A; lOOV (Neg.): TO-3 

7-33 

KX50 

5.0kV 


5-16 

PIC660 

lO.OA; 60V (Pos.): TO-66 

7-33 

KX60 

6.0 kV 


5-16 

PIC661 

lO.OA; 80V (Pos.); TO-66 

7-33 

KX80 

8.0 kV 


5-16 

PIC662 

lO.OA; lOOV (Pos.): TO-66 

7-33 

KXlOO 

lOkV 


5-16 

PIC670 

lO.OA; 60V (Neg.); TO-66 

7-33 

KXS15 

1.5kV 


5-16 

PIC671 

lO.OA; 80V (Neg.); TO-66 

7-33 

KXS20 

2.0kV 


5-16 

PIC672 

lO.OA; lOOV (Neg.): TO-66 

7-33 

KXS25 

2.5kV 


5-20 

PIC730 

30.0A; 30V (Pos.); TO-3 

7-33 

KXS30 

3.0kV 


5-20 

PIC740 

30.0A; 30V (Pos.); TO-3 

7-33 

KXS40 

4.0kV 


5-24 

PIC800 

8A; 350V (Pos.); TO-66 

7-33 

KXS50 

5.0kV 


5-24 

PIC801 

8A: 400V (Pos.); TO-66 

7-33 

KXS60 

e.OkV 


5-24 

PIC810 

8A: 350V (Neg.): TO-66 

7-33 

KXS80 

8.0 kV 


5-24 

PIC811 

8A; 400V (Neg.); TO-66 

7-33 

KXSIOO 

lOkV 


5-28 

PIC900B 

5.0A; 60V. 18 Pin Dip 



LINEAR INTEGRATED 


5-28 

PIC900C 

5.0A; 80V. 18 Pin Dip 



CIRCUITS 


5-28 

PIC900D 

5.0A; lOOV, 18 Pin Dip 

3-7 

L292 

2A: 35V, H-Bridge; 




SCHOTTKY RECTIFIER 



Power SIP 


6-46 

SD51 

60A; 45V; DO-5 

3-14 

L293 

lA; 35V; 4 Channel 


6-48 

SD241 

60A: 45V; TO-3 



Push-Pull Driver; 




RECTIFIER 



"Batwing” Plastic Dip 


6-50 

SES5001 

2.0A: 50V 

3-14 

L293E 

lA; 35V; 4 Channel 


6-50 

SES5002 

2.0A: lOOV 



Push-Pull Driver; 


6-50 

SES5003 

2.0A: 150V 



“Batwing” Plastic Dip 


6-52 

SES5301 

5.0A; 50V 

3-21 

L295 

2.5A; 45V; Dual PWM 


6-52 

SES5302 

5.0A; lOOV 



Solenoid Driver; 


6-52 

SES5303 

5.0A; 150V 



Power SIP 


6-54 

SES5401 

8.0A: 50V; TO-220AC 



POWER TRANSISTOR 


6-54 

SES5402 

8.0A: lOOV; TO-220AC 

!K 

MJE13004 

NPN; 4A; 300V; TO-220AB 


6-54 

SES5403 

8.0A; 150V; TO-220AC 

* 

MJE13005 

NPN; 4A; 400V; TO-220AB 


6-54 

SES5404 

8.0A; 200V: TO-220AC 

* 

MJE13006 

NPN; 8A; 300V; TO-220AB 


6-56 

SES5501 

16.0A; 50V: TO-220AC 

* 

MJE13007 

NPN; 8A; 400V; TO-220AB 


6-56 

SES5502 

16.0A; lOOV; TO-220AC 

* 

MJE13008 

NPN; 12A; 300V; TO-220AB 


6-56 

SES5503 

16.0A: 150V; TO-220AC 

* 

MJE13009 

NPN; 12A; 400V; TO-220AB 


6-56 

SES5504 

16.0A; 200V; TO-220AC 



SCHOTTKY RECTIFIER 




RECTIFIER, 

* 

PHS51 

60A; 45V; DO-5 

RECTIFIER 

l.OA; 50V 
l.OA; lOOV 
l.OA; 150 V 

16A; 50V; TO-220AB 

16A; lOOV; TO-220AB 

16A; 150V; TO-220AB 


6-59 

SES5401C 

CENTER-TAP 

16A: 50V; T0-220AB 

* 

* 

* 

* 

* 

PHSlOOl 

PHS1002 

PHS1003 

PHS2401 

PHS2402 

PHS2403 


6-59 

6-59 

6-59 

6-61 

6-61 

6-61 

SES5402C 

SES5403C 

SES5404C 

SES5601C 

SES5602C 

SES5603C 

16A: lOOV; TO-220AB 

16A: 150V; TO-220AB 

16A; 200V; T0-220AB 

25A; 50V; TO-3 

25A; lOOV; TO-3 

25A; 150V: TO-3 

* 

PHS2404 

16A; 200V; TO-220AB 




RECTIFIER 



POWER HYBRIDS 


6-63 

SES5701 

20A: 50V: DO-4 

5-4 

5-4 

5-4 

5-4 

PIC600 

PIC601 

PIC602 

PIC610 

& MODULES 

5.0A; 60V (Pos.); TO-66 

5.0A; 80V (Pos.); TO-66 

5.0A; lOOV (Pos.): TO-66 

5.0A: 60V (Neg.): TO-66 


6-63 

6-63 

6-65 

6-65 

6-65 

SES5702 

SES5703 

SES5801 

SES5802 

SES5803 

20A: lOOV; DO-4 

20A; 150V: DO-4 

60A; 50V: DO-5 

60A: lOOV; DO-5 

60A: 150V: DO-5 

5-4 

PIC611 

5.0A: 80V (Neg.): TO-66 


8-42 

SPA25, J 

FULL WAVE BRIDGE 

5-4 

PIC612 

5.0A: lOOV (Neg.): TO-66 


1 ph; 25A: lOOV 

5-8 

PIC625 

15.0A: 60V (Pos.); TO-66 


8-42 

SPB25, J 

1 ph; 25A; 200V 

5-8 

PIC626 

15.0A: 80V (Pos.); TO-66 


8-42 

SPC25, J 

1 ph; 25A; 400V 

5-8 

PIC627 

15.0A: lOOV (Pos.); TO-66 


8-42 

SPD25, J 

1 ph; 25A: 600V 

5-8 

PIC635 

15.0A; 60V (Neg.); TO-66 




HIGH VOLTAGE 

5-8 

PIC636 

15.0A: 80V (Neg.); TO-66 




RECTIFIER 

5-8 

PIC637 

15.0A: lOOV (Neg.); TO-66 


7-35 

SXIO 

l.OkV 

5-12 

PIC645 

15.0A; 60V (Pos.); TO-3 


7-35 

SX15 

1.5kV 


* Contact Unitrode 
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PAGE 
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DESCRIPTION 



HIGH VOLTAGE 




POWER DARLINGTON 



RECTIFIER 


4-204 

U2T101 

NPN; lO.OA; 80V; TO-33 

7-35 

SX20 

2.0kV 


4-204 

U2T105 

NPN; lO.OA; 150V; TO-33 

7-35 

SX25 

2.5kV 


4-204 

U2T201 

NPN; lO.OA; 80V; TO-66 

7-35 

SX30 

3.0kV 


4-204 

U2T205 

NPN; lO.OA; 150V; TO-66 

7-35 

SX40 

4.0kV 


4-206 

U2T301 

NPN; 5.0A; 60V; TO-33 

7-35 

SX50 

5.0kV 


4-206 

U2T305 

NPN; 5.0A; 150V; TO-33 

7-35 

SX60 

e.OkV 


4-206 

U2T401 

NPN; 5.0A; 60V; TO-66 

7-35 

SX80 

8.0kV 


4-206 

U2T405 

NPN; 5.0A; 150V; TO-66 

7-35 

SXlOO 

lOkV 


4-208 

U2TA506 

NPN; 3.0A; 60V; TO-92 

7-35 

SXSIO 

l.OkV 


4-208 

U2TA508 

NPN; 3.0A; 80V; TO-92 

7-35 

SXS15 

1.5kV 


4-208 

U2TA510 

NPN; 3.0A; lOOV; TO-92 

7-35 

SXS20 

2.0kV 


4-210 

U2TA606 

NPN; 3.0A; 60V; TO-92 

7-35 

SXS25 

2.5kV 


4-210 

U2TA608 

NPN; 3.0A; 80V; TO-92 

7-35 

SXS30 

3.0kV 


4-210 

U2TA610 

NPN; 3.0A; lOOV; TO-92 

7-35 

SXS40 

4.0kV 




LINEAR INTEGRATED 

7-35 

SXS50 

5.0kV 




CIRCUITS 

7-35 

SXS60 

e.OkV 


3-25 

UC117K 

1.5A; TO-3; Pos Adj. Reg. 

7-35 

SXS80 

8.0kV 


♦ 

UC120-05K 

l.OA; -5V; TO-3; 

7-35 

SXSIOO 

lOkV 



Precision Fixed Reg. 



DIODE 


♦ 

UC120-12K 

l.OA; -12V; TO-3; 

* 

TD018 

100mA; 50V; DO-35 




Precision Fixed Reg. 

* 

TD041 

100mA; 150V; DO-35 


♦ 

UC120-15K 

l.OA; -15V; TO-3; 

* 

TD068 

100mA; 50V; DO-35 




Precision Fixed Reg. 

* 

TD117 

30mA; 30V; DO-35 


3-29 

UC137K 

1.5A; TO-3; Neg. Adj. Reg. 

* 

TD129 

100mA; 50V; DO-35 


* 

UC140-05K 

l.OA; +5V; TO-3; 

* 

TD153 

250mA; 50V; DO-35 




Precision Fixed Reg. 

* 

TD176 

150mA; 200V; DO-35 


* 

UC140-12K 

l.OA; +12V; TO-3; 

* 

TD190 

250mA; 300V; DO-35 




Precision Fixed Reg. 

* 

TD190C 

400mA; 450V; DO-7 


* 

UC140-15K 

l.OA; +15V; TO-3; 

* 

TD300 

15mA; 15V; DO-35 




Precision Fixed Reg. 

* 

TD377 

50mA; lOV; DO-35 


3-32 

UC150K 

3.0A; TO-3; Pos. Adj. Reg. 

* 

TD413G 

180mA; lOV; DO-35 


3-25 

UC217K 

1.5A; TO-3; Pos. Adj. Reg. 

* 

TD414 

50mA; 250V; DO-35 


3-29 

UC237K 

1.5A; TO-3; Neg. Adj. Reg. 

♦ 

TD473 

110mA; 20V; DO-35 


3-32 

UC250K 

3.0A; TO-3; Pos. Adj. Reg. 

♦ 

TD474 

110mA; 20V; DO-35 


3-25 

UC317K 

1.5A; TO-3; Pos. Adj. Reg. 

* 

TD475 

50mA; 20V; DO-35 


3-25 

UC317T 

1.5A; TO-220; Pos. Adj. Reg. 

* 

TD482 

300mA; 80V; DO-35 


♦ 

UC320-05K 

lA; -5V; TO-3; 

* 

TD785 

60mA; 35V; DO-35 




Precision Fixed Reg. 

* 

TD789 

60mA; 35V; DO-35 


* 

UC320-05T 

lA; -5V; TO-220; 

* 

TD789A 

60mA; 45V; DO-35 




Precision Fixed Reg. 

* 

TD789B 

60mA; 60V; DO-35 


* 

UC320-12K 

lA; -12V; TO-3; 

* 

TD791 

85mA; 15V; DO-35 




Precision Fixed Reg. 

* 

TD809 

200mA; 25V; DO-35 


* 

UC320-12T 

lA; -12V; TO-220; 

* 

TD891 

60mA; 85V; DO-35 




Precision Fixed Reg. 

* 

TD893 

150mA; lOOV; DO-35 


* 

UC320-15K 

lA; -15V; TO-3; 

* 

TD905 

150mA; lOOV; DO-35 




Precision Fixed Reg. 

* 

TD922 

lOOmA; 50V; DO-35 


* 

UC320-15T 

1A;-15V; TO-220; 

* 

TD993 

400mA; 380V; DO-7 




Precision Fixed Reg. 

* 

TD996 

250mA; 380V; DO-35 


3-29 

UC337K 

1.5A; TO-3; Neg. Adj. Reg. 



SENSISTOR® 


3-29 

UC337T 

1.5A; TO-220; Neg. Adj. Reg. 

13-4 

TG 1/8 

Hermetic 1/8W, Pos. Temp. 


♦ 

UC340-05K 

lA; +5V; TO-3; 



Coefficient Thermistor 




Precision Fixed Reg. 

13-4 

TM 1/8 

Plastic 1/8W, Pos Temp. 


* 

UC340-05T 

lA; +5V; TO-220; 



Coefficient Thermistor 




Precision Fixed Reg. 



TRANSIENT VOLTAGE 


* 

UC340-12K 

lA; -H2V; TO-3; 



SUPPRESSOR 




Precision Fixed Reg. 

9-14 

TVS305-TVS360 

150W 


* 

UC340-12T 

lA; -H2V; TO-220; 

9-14 

TVS410-TVS430 

150W 




Precision Fixed Reg. 

9-14 

TVS505-TVS528 

500W 


* 

UC340-15K 

1A;+15V; TO-3; 



PUT 

400mW@25°C 40V; TO- 18 
400mW@25“C 40V; TO-18 




Precision Fixed Reg. 

10-55 

10-55 

U13T1 

U13T2 


* 

3-32 

UC340-15T 

UC350K 

1A;+15V; TO-220; 

Precision Fixed Reg. 

3A; TO-3; Pos. Adj. Reg. 
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FULL WAVE BRIDGE 




LINEAR INTEGRATED 

* 

UC3BA1 

3 ph; 25A; lOOV 




CIRCUITS 

* 

UC3BA2 

3 ph; 25A: 200V 


3-62 

UC1543N 

Power Supply Supervisory 

* 

UC3BA4 

3 ph; 25A; 400V 




Circuit; Plastic Dip 

* 

UC3BA6 

3 ph; 25A: 600V 


3-62 

UC1544J 

Power Supply Supervisory 

* 

UC3BA1F 

3 ph: 20A; lOOV 




Circuit; Ceramic Dip 

* 

UC3BA2F 

3 ph; 20A; 200V 


3-62 

UC1544N 

Power Supply Supervisory 

* 

UC3BA4F 

3 ph; 20A; 400V 




Circuit: Plastic Dip 

* 

UC3BA6F 

3 ph; 20A; 600V 


3-66 

UC1637J 

500mA: 40V: PWM DC Servo 



LINEAR INTEGRATED 




Motor Control Chip; 



CIRCUITS 




Ceramic Dip 

3-36 

UC493AJ 

40V; 200mA; Precision 


3-66 

UC1637N 

500mA: 40V: PWM DC Servo 



PWM; Ceramic Dip 




Motor Control Chip; 

3-36 

UC493AN 

40V: 200mA; Precision 




Plastic Dip 



PWM; Plastic Dip 


3-74 

UC1704J 

Bridge Transducer Switch; 

3-36 

UC494AJ 

40V; 200mA: Precision 




-25°C to -H25°C; 



PWM; Ceramic Dip 




Ceramic Dip 

3-36 

UC494AN 

40V: 200mA; Precision 


3-74 

UC1704N 

Bridge Transducer Switch; 



PWM; Plastic Dip 




-25°C to -H25°C: 

3-36 

UC495AJ 

40V: 200mA; Precision 




Plastic Dip 



PWM; Ceramic Dip 


3-78 

UC1706J 

Dual Output Driver; 

3-36 

UC495AN 

40V; 200mA; Precision 




Ceramic Dip 



PWM; Plastic Dip 


3-78 

UC1706N 

Dual Output Driver; 

3-36 

UC493ACJ 

40V; 200mA; Precision 




Plastic Dip 



PWM; Ceramic Dip 


3-82 

UC1717J 

lA; 40V; Stepper Motor 

3-36 

UC493ACN 

40V; 200mA; Precision 




Drive Circuit; 



PWM; Plastic Dip 




Ceramic Dip 

3-36 

UC494ACJ 

40V; 200mA: Precision 


3-82 

UC1717NE 

lA; 40V: Stepper Motor 



PWM; Ceramic Dip 




Drive Circuit; 

3-36 

UC494ACN 

40V; 200mA; Precision 




Plastic Dip 



PWM; Plastic Dip 


3-90 

UC1834J 

High Efficiency 

3-36 

UC495ACJ 

40V: 200mA; Precision 




Linear Regulator; 



PWM; Ceramic Dip 




Ceramic Dip 

3-36 

UC495ACN 

40V; 200mA: Precision 


3-90 

UC1834N 

High Efficiency 



PWM; Plastic Dip 




Linear Regulator; 

3-36 

UC495BJ 

Precision PWM w/Buffered 




Plastic Dip 



Output; Ceramic Dip 


3-94 

UC1840J 

40V: 200mA; PWM 

3-36 

UC495BN 

Precision PWM w/ Buffered 




Controller: Ceramic Dip 



Output; Plastic Dip 


3-94 

UC1840N 

40V; 200mA: PWM 

3-36 

UC495BCJ 

Precision PWM w/Buffered 




Controller; Plastic Dip 



Output; Ceramic Dip 


3-102 

UC1842J 

Off-line Current 

3-36 

UC495BCN 

Precision PWM w/Buffered 




Mode PWM; Ceramic Dip 



Output: Plastic Dip 

i 

3-102 

UC1842N 

Off-line Current 

3-45 

UC1524AJ 

60V; 200mA; Precision 




Mode PWM; Plastic Dip 



PWM; Ceramic Dip 


3-108 

UC1846J 

Current Mode PWM; 

3-45 

UC1524AN 

60V; 200mA; Precision 




Ceramic Dip 



PWM; Plastic Dip 


3-108 

UC1846N 

Current Mode PWM; 

3-40 

UC1524J 

40V; lOOmA; PWM; 




Plastic Dip 



Ceramic Dip 


3-108 

UC1847J 

Current Mode PWM; 

3-40 

UC1524N 

40V: lOOmA; PWM; 




Ceramic Dip 



Plastic Dip 


3-108 

UC1847N 

Current Mode PWM; 

3-49 

UC1525AJ 

40V: 500mA; Precision 




Plastic Dip 



PWM; Ceramic Dip 


3-116 

UC1901J 

Isolated Feedback 

3-49 

UC1525AN 

40V; 500mA; Precision 




Generator; Ceramic Dip 



PWM; Plastic Dip 


3-116 

UC1901N 

Isolated Feedback 

3-56 

UC1526J 

High Performance 




Generator: Plastic Dip 



PWM; Ceramic Dip 


3-120 

UC1903J 

Triple Voltage and Line 

3-56 

UC1526N 

High Performance 




Monitor; Ceramic Dip 



PWM; Plastic Dip 


3-120 

UC1903N 

Triple Voltage and Line 

3-49 

UC1527AJ 

40V; 500mA: Precision 




Monitor; Plastic Dip 



PWM; Ceramic Dip 


3-45 

UC2524AJ 

60V; 200mA; Precision 

3-49 

UC1527AN 

40V; 500mA; Precision 




PWM; Ceramic Dip 



PWM; Plastic Dip 


3-45 

UC2524AN 

60V; 200mA; Precision 

3-62 

UC1543J 

Power Supply Supervisory 




PWM; Plastic Dip 



Circuit: Ceramic Dip 


3-40 

UC2524J 

40V; lOOmA; PWM; 







Ceramic Dip 
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LINEAR INTEGRATED 




LINEAR INTEGRATED 



CIRCUITS 




CIRCUITS 

3-40 

UC2524N 

40V; 100mA; PWM; 


3-49 

UC3525AJ 

40V: 500mA: Precision 



Plastic Dip 




PWM; Ceramic Dip 

3-49 

UC2525AJ 

40V; 500mA; Precision 


3-49 

UC3525AN 

40V: 500mA: Precision 



PWM; Ceramic Dip 




PWM; Plastic Dip 

3-49 

UC2525AN 

40V; 500mA; Precision 


3-56 

UC3526J 

High Performance 



PWM; Plastic Dip 




PWM; Ceramic Dip 

3-56 

UC2526J 

High Performance PWM; 


3-56 

UC3526N 

High Performance 



Ceramic Dip 




PWM; Plastic Dip 

3-56 

UC2526N 

High Performance 


3-49 

UC3527AJ 

40V: 500mA; Precision 



PWM; Plastic Dip 




PWM; Ceramic Dip 

3-49 

UC2527AJ 

40V; 500mA; Precision 


3-49 

UC3527AN 

40V; 500mA: Precision 



PWM; Ceramic Dip 




PWM; Plastic Dip 

3-49 

UC2527AN 

40V; 500mA; Precision 


3-62 

UC3543J 

Power Supply Supervisory 



PWM; Plastic Dip 




Circuit; Ceramic Dip 

3-62 

UC2543J 

Power Supply Supervisory 


3-62 

UC3543N 

Power Supply Supervisory 



Circuit; Ceramic Dip 




Circuit: Plastic Dip 

3-62 

UC2543N 

Power Supply Supervisory 


3-62 

UC3544J 

Power Supply Supervisory 



Circuit; Plastic Dip 




Circuit: (ieramic Dip 

3-62 

UC2544J 

Power Supply Supervisory 


3-62 

UC3544N 

Power Supply Supervisory 



Circuit; Ceramic Dip 




Circuit: Plastic Dip 

3-62 

UC2544N 

Power Supply Supervisory 


3-66 

UC3637J 

500mA: 40V: PWM DC Servo 



Circuit: Plastic Dip 




Motor Control Chip; 

3-66 

UC2637J 

500mA: 40V: PWM DC Servo 




Ceramic Dip 



Motor Control Chip; 


3-66 

UC3637N 

500mA: 40V: PWM DC Servo 



Ceramic Dip 




Motor Control Chip; 

3-66 

UC2637N 

500mA: 40V; PWM DC Servo 




Plastic Dip 



Motor Control Chip; 


3-74 

UC3704J 

Bridge Transducer Switch; 



Plastic Dip 




0°C to +70°C; Ceramic Dip 

3-90 

UC2834J 

High Efficiency Linear 


3-74 

UC3704N 

Bridge Transducer Switch; 



Regulator; Ceramic Dip 




0°C to +70°C; Plastic Dip 

3-90 

UC2834N 

High Efficiency Linear 


3-78 

UC3706J 

Dual Output Driver; 



Regulator: Plastic Dip 




Ceramic Dip 

3-94 

UC2840J 

40V: 200mA; PWM 


3-78 

UC3706N 

Dual Output Driver; 



Controller; Plastic Dip 




Plastic Dip 

3-94 

UC2840N 

40V: 200mA: PWM 


3-82 

UC3717J 

lA; 40V; Stepper Motor 



Controller; Ceramic Dip 




Drive Circuit; 

3-102 

UC2842J 

Off-line Current Mode 




Ceramic Dip 



PWM; Ceramic Dip 


3-82 

UC3717N 

lA; 40V: Stepper Motor 

3-102 

UC2842N 

Off-line Current Mode 




Drive Circuit; 



PWM; Plastic Dip 




Plastic Dip 

3-108 

UC2846J 

Current Mode PWM; 


3-90 

UC3834J 

High Efficiency Linear 



Ceramic Dip 




Regulator: Ceramic Dip 

3-108 

UC2846N 

Current Mode PWM; 


3-90 

UC3834N 

High Efficiency Linear 



Plastic Dip 




Regulator: Plastic Dip 

3-108 

UC2847J 

Current Mode PWM; 


3-94 

UC3840J 

40V: 200mA: PWM 



Ceramic Dip 




Controller; Ceramic Dip 

3-108 

UC2847N 

Current Mode PWM; 


3-94 

UC3840N 

40V; 200mA: PWM 



Plastic Dip 




Controller; Plastic Dip 

3-116 

UC2901J 

Isolated Feedback 


3-102 

UC3842J 

Off-line Current Mode 



Generator; Ceramic Dip 




PWM; Ceramic Dip 

3-116 

UC2901N 

Isolated Feedback 


3-102 

UC3842N 

Off-line Current Mode 



Generator; Plastic Dip 




PWM; Plastic Dip 

3-120 

UC2903J 

Triple Voltage and Line 


3-108 

UC3846J 

Current Mode PWM; 



Monitor; Ceramic Dip 




Ceramic Dip 

3-120 

UC2903N 

Triple Voltage and Line 


3-108 

UC3846N 

Current Mode PWM; 



Monitor; Plastic Dip 




Plastic Dip 

3-45 

UC3524AJ 

50V; 200mA: Precision 


3-108 

UC3847J 

Current Mode PWM; 



PWM; Ceramic Dip 




Ceramic Dip 

3-45 

UC3524AN 

50V: 200mA: Precision 


3-108 

UC3847N 

Current Mode PWM; 



PWM; Plastic Dip 




Plastic Dip 

3-40 

UC3524J 

40V: lOOmA; PWM; 


3-116 

UC3901J 

Isolated Feedback 



Ceramic Dip 




Generator; Ceramic Dip 

3-40 

UC3524N 

40V: 100mA; PWM; 


3-116 

UC3901N 

Isolated Feedback 



Plastic Dip 




Generator; Plastic Dip 
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3-120 

3-120 

3-133 

3-133 

3-133 

3-133 

3-127 

3-127 

3-133 

3-133 

3-133 

3-127 

3-127 

3-127 

3-133 

3-133 

3-133 

3-127 

3-127 

3-127 

3-145 

3-145 

3-145 

3-139 

3-139 

3-139 

3-145 

3-145 

3-145 

3-139 

3-139 

3-139 

3-145 

3-145 

3-145 

3-139 

3-139 

3-139 

* 

* 

UC3903J 

UC3903N 

UC7805ACK 

UC7805ACT 

UC7805AK 

UC7805CK 

UC7805CT 

UC7805K 

UC7812ACK 

UC7812ACT 

UC7812AK 

UC7812CK 

UC7812CT 

UC7812K 

UC7815ACK 

UC7815ACT 

UC7815AK 

UC7815CK 

UC7815CT 

UC7815K 

UC7905ACK 

UC7905ACT 

UC7905AK 

UC7905CK 

UC7905CT 

UC7905K 

UC7912ACK 

UC7912ACT 

UC7912AK 

UC7912CK 

UC7912CT 

UC7912K 

UC7915ACK 

UC7915ACT 

UC7915AK 

UC7915CK 

UC7915CT 

UC7915K 

UCBAl 

UCBA2 

UCBA4 

UCBA6 

UCBAIF 

LINEAR INTEGRATED 
CIRCUITS 

Triple Voltage and Line 

Monitor; Ceramic Dip 

Triple Voltage and Line 

Monitor; Plastic Dip 
lA; +5V; TO-3; 

Precision Fixed Reg. 
lA; +5V; TO-220; 

Precision Fixed Reg. 
lA; +5V; TO-3; 

Precision Fixed Reg. 
lA; -t-5V; TO-3; Fixed Reg. 
lA; -H5V; TO-220; Fixed Reg. 
lA; -H5V; TO-3; Fixed Reg. 
lA; +12V; TO-3; 

Precision Fixed Reg. 
lA; -H2V; TO-220; 

Precision Fixed Reg. 
lA; +12V; TO-3; 

Precision Fixed Reg. 
lA; +12V; TO-3; Fixed Reg. 
lA; +12V; TO-220 Fixed Reg. 
lA; +12V; TO-3; Fixed Reg. 
lA; +15V; TO-3; 

Precision Fixed Reg. 
lA; +15V; TO-220; 

Precision Fixed Reg. 
lA; -H5V; TO-3; 

Precision Fixed Reg. 
lA; +15V; TO-3; Fixed Reg. 
lA; +15V; TO-220; Fixed Reg. 
lA; +15V; TO-3; Fixed Reg. 
lA; -5V; TO-3; 

Precision Fixed Reg. 
lA; -5V; TO-220; 

Precision Fixed Reg. 
lA; -5V; TO-3; 

Precision Fixed Reg. 
lA; -5V; TO-3; Fixed Reg. 
lA; -5V; TO-220; Fixed Reg. 
lA; -5V; TO-3; Fixed Reg. 
lA; -12V; TO-3: 

Precision Fixed Reg. 
lA; -12V: TO-220; 

Precision Fixed Reg. 
lA; -12V; TO-3; 

Precision Fixed Reg. 
lA; -12V: TO-3: Fixed Reg. 
lA; -12V: TO-220 Fixed Reg. 
lA; -12V: TO-3; Fixed Reg. 
lA; -15V: TO-3; 

Precision Fixed Reg. 
lA; -15V: TO-220: 

Precision Fixed Reg. 
lA; -15V: TO-3; 

Precision Fixed Reg. 
lA; -15V; TO-3: Fixed Reg. 
lA; -15V; TO-220; Fixed Reg. 
lA; -15V: TO-3; Fixed Reg. 

FULL WAVE BRIDGE 

1 ph; 25 A; lOOV 

1 ph; 25A: 200V 

1 ph; 25 A;^ 400V 

1 ph; 25A; 600V 

1 ph; 20A; lOOV 


* 

* 

* 

♦ 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

♦ 

* 

* 

* 

* 

♦ 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

7-37 

7-37 

7-37 

7-37 

7-37 

7-37 

7-37 

7-37 

7-37 

7-37 

7-37 

7-37 

7-37 

7-37 

7-37 

7-37 

7-37 

7-37 

9-18 

9-18 

9-18 

9-18 

9-18 

9-18 

UCBA2F 

UCBA4F 

UCBA6F 

UCBHMl 

UCBHM2 

UCBHM4 

UCBHM6 

UCBHMIF 

UCBHM2F 

UCBHM4F 

UCBHM6F 

UCDAl 

UCDA2 

UCDA4 

UCDA6 

UCDAIF 

UCDA2F 

UCDA4F 

UCDA6F 

UCNAl 

UCNA2 

UCNA4 

UCNA6 

UCNAIF 

UCNA2F 

UCNA4F 

UCNA6F 

UCPAl 

UCPA2 

UCPA4 

UCPA6 

UCPAIF 

UCPA2F 

UCPA4F 

UCPA6F 

UDA5 

UDA7.5 

UDAIO 

UDA15 

UDB2.5 

UDB5 

UDB7.5 

UDC5 

UDC7.5 

UDCIO 

UDC15 

UDD2.5 

UDD5 

UDD7.5 

UDE2.5 

UDE5 

UDF2.5 

UDF5 

UDZ707-UDZ790 

UDZ807-UDZ890 

UDZ5707-UDZ5790 

UDZ5807-UDZ5890 

UDZ8707-UDZ8791 

UDZ8807-UDZ8891 

FULL WAVE BRIDGE 

1 ph; 20A: 200V 

1 ph; 20A; 400V 

1 ph; 20A; 600V 

1 ph; lOA; lOOV 

1 ph; lOA; 200V 

1 ph; lOA; 400V 

1 ph; lOA; 600V 

1 ph; 10 A; lOOV 

1 ph; lOA; 200V 

1 ph; lOA; 400V 

1 ph; lOA; 600V 

DOUBLER OR 

CENTER-TAP 

15A; lOOV 

15A; 200V 

15A: 400V 

15A; 600V 

15A: lOOV 

15A; 200V 

15A; 400V 

15A: 600V 

15A; lOOV 

15A: 200V 

15A; 400V 

15A; 600V 

15A: lOOV 

15A: 200V 

15A; 400V 

15A: 600V 

15A: lOOV 

15A: 200V 

15A: 400V 

15A; 600V 

15A; lOOV 

15A:200V 

15A:400V 

15A;600V 

RECTIFIER MODULE 

5.0kV 

7.5kV 

lOkV 

15kV 

2.5kV 

5.0kV 

7.5kV 

5.0kV 

7.5kV 

lOkV 

15kV 

2.5kV 

5.0kV 

7.5kV 

2.5kV 

5.0kV 

2.5kV 

5.0kV 

ZENER 

Bidirectional: 3W; 5% 
Bidirectional: 3W; 10% 
Bidirectional; 5W; 5% 
Bidirectional: 5W: 10% 
Bidirectional; IW; 5% 
Bidirectional: IW; 10% 
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RECTIFIER 




RECTIFIER MODULE 

6-24 

UESlOl (1N5802) 

2.5A: 50V 


7-41 

UFB2.5 

2.5 kV 

6-24 

UES102 (1N5803) 

2.5A: 75V 


7-41 

UFB5 

5.0kV 

6-24 

UES103 (1N5804) 

2.5A: lOOV 


7-41 

UFB7.5 

7.5 kV 

6-24 

UES104 (1N5805) 

2.5A; 125V 




POWER MOSFET 

6-24 

UES201 (1N5807) 

6.0A: 50V 




TRANSISTOR 

6-24 

UES202 (1N5808) 

6.0A: 75V 


4-212 

UFNAll 

l.OA; 60V; 1.50; TO-92 

6-24 

UES203 (1N5809) 

6.0A: lOOV 


4-212 

UFNA12 

l.OA; lOOV; 1.50; TO-92 

6-24 

UES204 (1N5810) 

6.0A: 125V 


4-214 

UFNDIZO 

0.5A: lOOV; 2.40; DIL-4 


UES301 

20.0A; 50V 


4-214 

UFND1Z3 

0.4A; 60V; 3.20; DIL-4 


UES302 

20.0A; 75V 


4-220 

UFNDllO 

l.OA; lOOV; 0.60; DIL-4 


UES303 

20.0A; lOOV 


4-220 

UFND113 

0.8A; 60V; 0.80; DIL-4 


UES304 

20.0A; 125V 


4-226 

UFND120 

1.3A: lOOV; 0.30; DIL-4 

6-67 

UES501 

50.0A; 50V: DO-5 


4-226 

UFND123 

1.1 A; 60V; 0.40; DIL-4 

6-67 

UES502 

50.0A; 75V: DO-5 


4-232 

UFND210 

0.6A: 200V: 1.50; DIL-4 

6-67 

UES503 

50.0A: lOOV: do-5 


4-232 

UFND213 

0.45A; 150V; 2.40; DIL-4 

6-67 

UES504 

50.0A: 125V: DO-5 


4-238 

UFNFllO 

3.5A: lOOV; 0.60; TO-39 

6-67 

UES505 

50.0A: 150V: DO-5 


4-238 

UFNFlll 

3.5A; 60V; 0.60; TO-39 

6-70 

UES701 

25.0A: 50V: DO-4 


4-238 

UFNF112 

3.5A: lOOV; 0.80; TO-39 

6-70 

UES702 

25.0A: lOOV: DO-4 


4-238 

UFNF113 

3.5A; 60V; 0.80; TO-39 

6-70 

UES703 

25.0A: 150V: DO-4 


4-244 

UFNF120 

6A: lOOV; 0.300; TO-39 

6-72 

UES704 

20.0A: 200V: DO-4 


4-244 

UFNF121 

6A; 60V; 0.300; TO-39 

6-72 

UES705 

20.0A: 300V: DO-4 


4-244 

UFNF122 

5A; lOOV; 0.400; TO-39 

6-72 

UES706 

20.0A: 400V: DO-4 


4-244 

UFNF123 

5A; 60V: 0.400; TO-39 

6-75 

UES801 

70.0A: 50V: do-5 


4-250 

UFNF130 

8A: lOOV; 0.180; TO-39 

6-75 

UES802 

70.0A: lOOV; DO-5 


4-250 

UFNF131 

8A; 60V; 0.180; TO-39 

6-75 

UES803 

70.0A; 150V: DO-5 


4-250 

UFNF132 

7A: lOOV; 0.250; TO-39 

6-78 

UES804 

50.0A; 200V: DO-5 


4-250 

UFNF133 

7A: 60V: 0.250; TO-39 

6-78 

UES805 

50.0A: 300V; DO-5 


4-256 

UFNF210 

2.2A: 200V: 1.50; TO-39 

6-78 

UES806 

50.0A: 400V: do-5 


4-256 

UFNF211 

2.2A: 150V; 1.50; TO-39 

6-81 

UESlOOl 

lA; 50V 


4-256 

UFNF212 

1.8A; 200V: 2.40; TO-39 

6-81 

UES1002 

lA; lOOV 


4-256 

UFNF213 

1.8A; 150V: 2.40; TO-39 

6-81 

UES1003 

lA; 150V 


4-262 

UFNF220 

3.5A; 200V; 0.80; TO-39 

6-83 

UESllOl 

2.5A: 50V 


4-262 

UFNF221 

3.5A: 150V: 0.80; TO-39 

6-83 

UES1102 

2.5A; lOOV 


4-262 

UFNF222 

3.0A; 200V; 1.20; TO-39 

6-83 

UES1103 

2.5A: 150V 


4-262 

UFNF223 

3.0A; 150V; 1.20; TO-39 

6-86 

UES1104 

2.0A; 200V 


4-268 

UFNF230 

5.5A; 200V; 0.40; TO-39 

6-86 

UES1105 

2.0A; 300V 


4-268 

UFNF231 

5.5A; 150V: 0.40; TO-39 

6-86 

UES1106 

2.0A; 400V 


4-268 

UFNF232 

4.5A; 200V; 0.60; TO-39 

6-89 

UES1301 

6.0A; 50V 


4-268 

UFNF233 

4.5A; 150V: 0.60; TO-39 

6-89 

UES1302 

6.0A; lOOV 


4-274 

UFNF310 

1.35A; 400V; 3.60; TO-39 

6-89 

UES1303 

6.0A: 150V 


4-274 

UFNF311 

1.35A; 350V: 3.60; TO-39 

6-92 

UES1304 

5.0A; 200V 


4-274 

UFNF312 

1.15A; 400V; 5.00; TO-39 

6-92 

UES1305 

5.0A; 300V 


4-274 

UFNF313 

1.15A;350V; 5.00; TO-39 

6-92 

UES1306 

5.0A; 400V 


4-280 

UFNF320 

2.5A; 400V; 1.80; TO-39 

6-95 

UES1401 

8.0A; 50V: TO-220AC 


4-280 

UFNF321 

2.5A: 350V: 1.80; TO-39 

6-95 

UES1402 

8.0A; lOOV; TO-220AC 


4-280 

UFNF322 

2.0A; 400V; 2.50; TO-39 

6-95 

UES1403 

8.0A; 150V: TO-220AC 


4-280 

UFNF323 

2.0A; 350V: 2.50; TO-39 

6-95 

UES1404 

8.0A; 200V; T0-220AC 


4-286 

UFNF330 

3.5A; 400V; 3.50; TO-39 

6-98 

UES1501 

16A: 50V; TO-220AC 


4-286 

UFNF331 

3.5A; 350V: 3.50; TO-39 

6-98 

UES1502 

16A: lOOV: TO-220AC 


4-286 

UFNF332 

3.0A; 400V: 3.00; TO-39 

6-98 

UES1503 

16A: 150V; TO-220AC 


4-286 

UFNF333 

3.0A; 350V: 3.00; TO-39 

6-98 

UES1504 

16A; 200V: TO-220AC 


4-292 

UFNF420 

1.6 A; 500V; 3.00; TO-39 



RECTIFIER, 


4-292 

UFNF421 

1.6A: 450V; 3.00; TO-39 



CENTER-TAP 


4-292 1 

UFNF422 

1.4A: 500V: 4.00; TO-39 

6-101 

UES2401 

16A; 50V; T0-220AB 


4-292 

UFNF423 

1.4A; 450V; 4.00; TO-39 

6-101 

UES2402 

16A: lOOV; TO-220AB 


4-298 

UFNF430 

2.75A: 500V; 1.50; TO-39 

6-101 

UES2403 

16A; 150V; TO-220AB 


4-298 

UFNF431 

2.75A;450V: 1.50; TO-39 

6-101 

UES2404 

16A; 200V: TO-220AB 


4-298 1 

UFNF432 

2.25A: 500V: 2.00; TO-39 

6-104 

UES2601 

30A; 50V; TO-3 


4-298 ! 

UFNF433 

2.25A: 450V; 2.00; TO-39 

6-104 

UES2602 

30A; lOOV: TO-3 


4-304 ! 

UFN120 

8A: lOOV; 0.300; TO-3 

6-104 

UES2603 

30A; 150V; TO-3 


4-304 i 

UFN121 

8A; 60V; 0.300; TO-3 

6-107 

UES2604 

30A: 200V: TO-3 


4-304 

UFN122 

7A; lOOV; 0.400; TO-3 

6-107 

UES2605 

30A; 300V; TO-3 


4-304 

UFN123 

7A; 60V; 0.400; TO-3 

6-107 

UES2606 

30A; 400V: TO-3 


4-310 

UFN130 

14A: lOOV; 0.180; TO-3 
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PAGE 

PART NUMBER 

DESCRIPTION 



POWER MOSFET 




POWER MOSFET 



TRANSISTOR 




TRANSISTOR 

4-310 

UFN131 

14A: 60V: 0.18Q; TO-3 


4-382 

UFN431 

4.5A; 450V; 1.5D; TO-3 

4-310 

UFN132 

12A: lOOV; 0.25Q: TO-3 


4-382 

UFN432 

4A: 500V: 2.00; TO-3 

4-310 

UFN133 

12 A; 60V: 0.250: TO-3 


4-382 

UFN433 

4A: 450V: 2.00; TO-3 

4-316 

UFN140 

27A: lOOV: 0.850: 


4-388 

UFN440 

8A; 500V; 0.85Q; TO-3 



TO-3 (Modified) 


4-388 

UFN441 

8A; 450V: 0.850; TO-3 

4-316 

UFN141 

27A: 60V: 0.850: 


4-388 

UFN442 

7A: 500V; 1.100; TO-3 



TO-3 (Modified) 


4-388 

UFN443 

7A:450V; 1.100; TO-3 

4-316 

UFN142 

24A: lOOV: 0.110; 


4-394 

UFN450 

13A; 500V; 0.40; TO-3 



TO-3 (Modified) 


4-394 

UFN451 

13A: 450V; 0.40; TO-3 

4-316 

UFN143 

24A; 60V; 0.110; 


4-394 

UFN452 

12A; 500V; 0.50; TO-3 



TO-3 (Modified) 


4-394 

UFN453 

12A: 450V: 0.50; TO-3 

4-322 

UFN150 

40A: lOOV; 0.0550: 


4-400 

UFN510 

4A; lOOV; 0.60; TO-220AB 



TO-3 (Modified) 


4-400 

UFN511 

4A; 60V; 0.60; TO-220AB 

4-322 

UFN151 

40A; 60V: 0.0550; 


4-400 

UFN512 

3.5A; lOOV; 0.80; TO-220AB 



TO-3 (Modified) 


4-400 

UFN513 

3.5A; 60V; 0.80; TO-220AB 

4-322 

UFN152 

33A: lOOV; 0.080; 


4-406 

UFN520 

8A; lOOV; 0.300; TO-220AB 



TO-3 (Modified) 


4-406 

UFN521 

8A: 60V: 0.300; TO-220AB 

4-322 

UFN153 

33A; 60V: 0.080; 


4-406 

UFN522 

7A: lOOV; 0.400; TO-220AB 



TO-3 (Modified) 


4-406 

UFN523 

7A; 60V; 0.400; TO-220AB 

4-328 

UFN220 

5A; 200V; 0.80; TO-3 


4-412 

UFN530 

14A; lOOV; 0.180; TO-220AB 

4-328 

UFN221 

5A: 150V; 0.80: TO-3 


4-412 

UFN531 

14A; 60V; 0.180; TO-220AB 

4-328 

UFN222 

4A; 200V; 1.20; TO-3 


4-412 

UFN532 

12A; lOOV; 0.250; TO-220AB 

4-328 

UFN223 

4A: 150V: 1.20; TO-3 


4-412 

UFN533 

12A: 60V: 0.250; TO-220AB 

4-334 

UFN230 

9A; 200V; 0.40; TO-3 


4-418 

UFN540 

27A; lOOV; 0.0850; TO-220AB 

4-334 

UFN231 

9A: 150V: 0.40; TO-3 


4-418 

UFN541 

27A; 60V; 0.0850; TO-220AB 

4-334 

UFN232 

8A: 200V; 0.60; TO-3 


4-418 

UFN542 

24A; lOOV; 0.110; TO-220AB 

4-334 

UFN233 

8A: 150V; 0.60; TO-3 


4-418 

UFN543 

24A: 60V: 0.110; TO-220AB 

4-340 

UFN240 

18A: 200V: 0.180; TO-3 


4-424 

UFN610 

2.5A; 200V; 1.50; TO-220AB 



(Modified) 


4-424 

UFN611 

2.5A: 150V: 1.5O:T0-220AB 

4-340 

UFN241 

18A: 150V; 0.180; TO-3 


4-424 

UFN612 

2A; 200V; 2.40; TO-220AB 



(Modified) 


4-424 

UFN613 

2A: 150V; 2.40; TO-220AB 

4-340 

UFN242 

16A: 200V; 0.220; TO-3 


4-430 

UFN620 

5A; 200V: 0.80; TO-220AB 



(Modified) 


4-430 

UFN621 

5A: 150V; 0.80; T0-220AB 

4-340 

UFN243 

16A: 150V: 0.220; TO-3 


4-430 

! UFN622 

4A: 200V: 1.20; TO-220AB 



(Modified) 


4-430 

UFN623 

4A; 150V; 1.20; TO-220AB 

4-346 

UFN250 

30A: 200V: 0.0850; 


4-436 

UFN630 

9A; 200V; 0.40; TO-220AB 



TO-3 (Modified) 


4-436 

UFN631 

9A; 150V; 0.40; TO-220AB 

4-346 

UFN251 

30A; 150V: 0.0850; 


4-436 

UFN632 

8A: 200V: 0.60; TO-220AB 



TO-3 (Modified) 


4-436 

UFN633 

8A: 150V: 0.60; T0-220AB 

4-346 

UFN252 

25A: 200V; 0.1200; 


4-442 

UFN640 

18A: 200V; 0.180; TO-220AB 



TO-3 (Modified) 


4-442 

UFN641 

18A; 150V: 0.180; TO-220AB 

4-346 

UFN253 

25A; 150V: 0.1200; 


4-442 

UFN642 

16A; 200V; 0.220; TO-220AB 



TO-3 (Modified) 


4-442 

UFN643 

16A; 150V; 0.220; TO-220AB 

4-352 

UFN320 

3A; 400V; 1.80; TO-3 


4-448 

UFN710 

1.5A: 400V; 3.60; TO-220AB 

4-352 

UFN321 

3A; 350V; 1.80; TO-3 


4-448 

UFN711 

1.5A: 350V; 3.60; TO-220AB 

4-352 

UFN322 

2.5A; 400V; 2.50; TO-3 


4-448 

UFN712 

1.3A: 400V; 5.00; T0-220AB 

4-352 

UFN323 

2.5A: 350V: 2.50; TO-3 


4-448 

UFN713 

1.3A: 350V; 5.00; TO-220AB 

4-358 

UFN330 

5. 5 A; 400V; 1.00; TO-3 


4-454 

UFN720 

3 A; 400V; 1.80; TO-220AB 

4-358 

UFN331 

5.5A; 350V: 1.00; TO-3 


4-454 

UFN721 

3A: 350V: 1.80; TO-220AB 

4-358 

UFN332 

4.5A: 400V; 1.50; TO-3 


4-454 

UFN722 

2.5A: 400V; 2.50; TO-220AB 

4-358 

UFN333 

4.5A: 350V; 1.50; TO-3 


4-454 

UFN723 

2.5A: 350V: 2.50; TO-220AB 

4-364 

UFN340 

lOA; 400V: 0.550; TO-3 


4-460 

UFN730 

5.5A: 400V; 1.00; TO-220AB 

4-364 

UFN341 

lOA; 350V: 0.550; TO-3 


4-460 

UFN731 

5.5A: 350V; 1.00; TO-220AB 

4-364 

UFN342 

8A: 400V: 0.800; TO-3 


4-460 

UFN732 

4.5A: 400V: 1.5O:T0-220AB 

4-364 

UFN343 

8A: 350V: 0.800; TO-3 


4-460 

UFN733 

4.5A; 350V; 1.50; TO-220AB 

4-370 

UFN350 

15A: 400V: 0.30; TO-3 


4-466 

UFN740 

lOA; 400V; 0.550; TO-220AB 

4-370 

UFN351 

15A; 350V: 0.30; TO-3 


4-466 

UFN741 

lOA; 350V: 0.550; TO-220AB 

4-370 

UFN352 

13 A; 400V: 0.40; TO-3 


4-466 

UFN742 

8A; 400V; 0.800; TO-220AB 

4-370 

UFN353 

13A; 350V; 0.40; TO-3 


4-466 

UFN743 

8A; 350V; 0.800; TO-220AB 

4-376 

UFN420 

2.5A; 500V: 3.00; TO-3 


4-472 

UFN820 

2.5A; 500V: 3.00; TO-220AB 

4-376 

UFN421 

2.5A: 450V; 3.00; TO-3 


4-472 

UFN821 

2.5A; 450V: 3.00; TO-220AB 

4-376 

UFN422 

2A; 500V: 4.00; TO-3 


4-472 

UFN822 

2.0A: 500V; 4.00; TO-220AB 

4-376 

UFN423 

2A: 450V; 4.00; TO-3 


4-472 

UFN823 

2.0A; 450V: 4.00; TO-220AB 

4-382 

UFN430 

4.5A: 500V: 1.50; TO-3 


4-478 

UFN830 

4.5A: 500V; 1.50; T0-220AB 
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PAGE PART NUMBER 


DESCRIPTION 


POWER MOSFET 
TRANSISTOR 


UMT1006 

UMT1007 

UMT1008 

UMT1009 

UMTlOll 

UMT1012 

UMT1203 

UMT1204 

UMT2000 

UMT2003 

UMT13004 

UMT13005 

UMT13006 

UMT13007 

UMT13008 

UMT13009 

UPTlll 

UPT112 

UPT113 

UPT114 


4.5A: 450V 
4.0A: 500V 
4.0A: 450V 
8.0A; 500V 
8.0 A; 450V 
7.0A; 500V 
7.0A; 450V 


1.5fi:TO-220AB 
2.0fi: TO-220AB 
2.00; TO-220AB 
0.850; TO-220AB 
0.850; T0-220AB 
1.100; T0-220AB 
1.100; TO-220AB 


RECTIFIER MODULE 

5.0 kV 
7.5kV 
lOkV 
5.0kV 
7.5kV 
lOkV 
5.0kV 
7.5kV 
lOkV 
2.5kV 
5.0kV 
7.5kV 
2.5kV 
5.0 kV 
7.5kV 

PIN DIODE 

0.50,3.0pF,25W,100-1200V 
1.50,2.2pF,18W,100-1000V 
0.5O,3.0pF ,37W,100-600V 

1.70.0. 5pF, 6W,100-1000V 
0.40, l.lpF, 6W,100-400V 

2.50.0. 4pF, 4W,100-1000V 

1.00. 0.9pF, low, 100-1600V 
0.60, 1.2pF,10W, 100-800V 
0.250,2.2pF,10W,100-400V 

3.50.0. 7pF, 7.5W, lOO-lOOOV 
CATV Attenuator Diodes 
2-Way Radio Switch Diodes 
2-Way Radio Switch Diodes 
2-Way Radio Switch Diodes 
Radiation Detector 
Microstrip PIN 

Low Rs Antenna Switch 
POWER TRANSISTOR 
NPN; 5A; 400V; TO-3 
NPN; 5A; 500V; TO-3 
NPN; 8A; 300V; TO-3 
NPN; 8 A; 400V; TO-3 
NPN; 15A; 400V; TO-3 
NPN; 15A; 500V; TO-3 
NPN; 3.0A; 300V; TO-220 
NPN; 3.0A; 400V; TO-220 
NPN; 15 A; 850V; TO-3 
NPN; 30A; 850V; 

TO-3 (Modified) 

NPN; 4.0A; 600V; TO-220 
NPN; 4.0A; 700V; TO-220 
NPN; 8.0A; 600V; TO-220 
NPN; 8.0A; 700V; TO-220 
NPN; 12.0A; 600V; TO-220 
NPN; 12.0A; 700V; TO-220 
NPN; 1.0A;40V;TO-5 
NPN; l.OA; 60V; TO-5 
NPN; l.OA; 80V; TO-5 
NPN; l.OA; lOOV; TO-5 


PAGE PART NUMBER 


UPT115 

UPT211 

UPT212 

UPT213 

UPT214 

UPT215 

UPT311 

UPT312 

UPT313 

UPT314 

UPT315 

UPT321 

UPT322 

UPT323 

UPT324 

UPT325 

UPT521 

UPT522 

UPT523 

UPT524 

UPT525 

UPT611 

UPT612 

UPT613 

UPT614 

UPT615 

UPT721 

UPT722 

UPT723 

UPT724 

UPT725 

UPTA510 

UPTA520 

UPTA530 

UPTB520 

UPTB530 

UPTB540 

UPTB550 


DESCRIPTION 

POWER TRANSISTOR 

NPN; l.OA; lOOV; TO-5 
NPN; 2.0A; 40V; TO-5 
NPN; 2.0A; 60V; TO-5 
NPN; 2.0A; 80V; TO-5 
NPN; 2.0A; lOOV; TO-5 
NPN; 2.0A; lOOV; TO-5 
NPN; 2.0A; 150V; TO-5 
NPN; 2.0A; 200V; TO-5 
NPN; 2.0A; 250V; TO-5 
NPN; 2.0A; 300V; TO-5 
NPN; 2.0A; 300V; TO-5 
NPN; 2.0A; 150V; TO-66 
NPN; 2.0A; 200V; TO-66 
NPN; 2.0A; 250V; TO-66 
NPN; 2.0A; 300V; TO-66 
NPN; 2.0A; 300V; TO-66 
NPN; 3.5A; 150V; TO-66 
NPN; 3.5A; 200V; TO-66 
NPN; 3.5A; 250V; TO-66 
NPN; 3.5A; 300V; TO-66 
NPN; 3.5A; 300V; TO-66 
NPN; 5.0A; 40V; TO-5 
NPN; 5.0A; 60V; TO-5 
NPN; 5.0A; 80V; TO-5 
NPN; 5.0A; lOOV; TO-5 
NPN; 5.0A; lOOV; TO-5 
NPN; 5.0A; 150V; TO-66 
NPN; 5.0A; 200V; TO-66 
NPN; 5.0A; 250V; TO-66 
NPN; 5.0A; 300V; TO-66 
NPN; 5.0A; 300V; TO-66 
NPN; 0.5A; lOOV; TO-92 
NPN; 0.5A; 200V; TO-92 
NPN; 0.5A;300V; TO-92 
NPN; O.IA; 200V; TO-92 
NPN; O.IA; 300V; TO-92 
NPN; O.IA; 400V; TO-92 
NPN; O.IA; 500V; TO-92 
RECTIFIER 
2.0A; 50V 
l.OA; lOOV 
l.OA; 150V 
l.OA; 200V 
l.OA; 250V 
2.0A; 50V 
2.0A; lOOV 
2.0A; 150V 
2.0A; 200V 
2.0A; 250V 
l.OA; lOOV 
l.OA; 200V 

RECTIFIER MODULE 

1.2kV 
1.5kV 
1.8 kV 
2.0kV 
2.5kV 
3.0kV 
3.5kV 
4.0kV 
4.5kV 
5.0kV 
6.0kV 
7.0kV 
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PAGE 
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RECTIFIER MODULE 




RECTIFIER MODULE 

7-48 

US80A 

8.0kV 


7-48 

USR45A 

4.5kV 

7-48 

USIOOA 

lOkV 


7-48 

USR50A 

5.0kV 

7-48 

US120A 

12kV 


7-48 

USR60A 

6.0kV 

7-48 

US150A 

15kV 


7-48 

USR70A 

7.0kV 

7-48 

US180A 

18kV 


7-48 

USR80A 

8.0kV 

7-48 

US200A 

20kV 


7-48 

USRIOOA 

lOkV 

7-41 

USB2.5 

2.5kV 


7-48 

USR120A 

12kV 

7-41 

USB5 

5.0kV 


7-48 

USR150A 

15kV 

7-41 

USB7.5 

7.5kV 


7-48 

USR180A 

18kV 

7-41 

USBIO 

lOkV 


7-41 

USS5 

5.0kV 



SCHOTTKY RECTIFIER 


7-41 

USS7.5 

7.5kV 

6-113 

USD320C 

30A: 20V; TO-3 


7-41 

USSIO 

lOkV 

6-113 

USD335C 

30A; 35V; TO-3 


7-41 

USS15 

15kV 

6-113 

USD345C 

30A; 45V; TO-3 




RECTIFIER 

6-115 

USD520 

75A; 20V; DO-5 


♦ 

UTlll (1N536) 

0.75A; 50V 

6-115 

USD535 

75A; 35V; DO-5 


* 

UT112 (1N537) 

0.75A; lOOV 

6-115 

USD545 

75A; 45V; DO-5 


* 

UT113 (1N3656) 

0.75A; 200V 

6-118 

USD545HR2 

75A; 45V; DO-5 


* 

UT114 (1N539) 

0.75A; 300V 

6-115 

USD550 

75A; 50V; DO-5 


* 

UT115 (1N3657) 

0.75A; 400V 

6-121 

USD620 

6A; 20V; T0-220AC 


* 

UT117 (1N547) 

0.75A; 500V 

6-121 

USD635 

6A; 35V; TO-220AC 


* 

UT118 (1N3658) 

0.75A; 600V 

6-121 

USD640 

6A; 40V; TO-220AC 


* 

UT119 

0.75A; 800V 

6-121 

USD645 

6A; 45V; TO-220AC 


* 

UT120 

0.75A; lOOOV 

6-123 

USD620C 

12A; 20V; T0-220AB 


* 

UT211 (1N645) 

0.75A; 225V 

6-123 

USD635C 

12A; 35V; TO-220AB 


* 

UT212 (1N646) 

0.75A; 300V 

6-123 

USD640C 

12A; 40V; T0-220AB 


* 

UT213 (1N647) 

0.75A; 400V 

6-123 

USD645C 

12 A; 45V; TO-220AB 


* 

UT214 (1N648) 

0.75A; 500V 

6-125 

USD720 

8A; 20V; TO-220AC 


* 

UT215 (1N649) 

0.75A; 600V 

6-125 

USD735 

8A; 35V; TO-220AC 


* 

UT221 (1N676) 

0.5A; lOOV 

6-125 

USD740 

8A; 40V; T0-220AC 


* 

UT222 (1N677) 

0.75A; lOOV 

6-125 

USD745 

8A; 45V; TO-220AC 


* 

UT223 (1N678) 

0.5A; 200V 

6-127 

USD720C 

16A; 20V; TO-220AB 


* 

UT224 (1N679) 

0.75A; 200V 

6-127 

USD735C 

16A; 35V; T0-220AB 


* 

UT225 (1N681) 

0.5A; 300V 

6-127 

USD740C 

16A; 40V; TO-220AB 


* 

UT226 (1N682) 

0.75A; 300V 

6-127 

USD745C 

16A; 45V; T0-220AB 


* 

UT227 (1N683) 

0.5A; 400V 

6-129 

USD820 

12A; 20V; TO-220AC 


* 

UT228 (1N684) 

0.75A; 400V 

6-129 

USD835 

12A; 35V; TO-220AC 


* 

UT229 (1N685) 

0.5A; 500V 

6-129 

USD840 

12A; 40V; TO-220AC 


* 

UT231 (1N686) 

0.75A; 500V 

6-129 

USD845 

12A; 45V; TO-220AC 


* 

UT232 (1N687) 

0.5A; 600V 

6-131 

USD920 

16A; 20V; TO-220AC 


* 

UT233 (1N689) 

0.75A; 600V 

6-131 

USD935 

16A; 35V; TO-220AC 


6-139 

UT234 

l.OA; 200V 

6-131 

USD940 

16A; 40V; TO-220AC 


6-139 

UT235 

l.OA; 400V 

6-131 

USD945 

16A; 45V; TO-220AC 


6-139 

UT236 

l.OA; lOOV 

6-133 

USD1120 

l.OA; 20V; ASA 


6-139 

UT237 

l.OA; 500V 

6-133 

USD1130 

l.OA; 30V; ASA 


6-139 

UT238 

l.OA; 600V 

6-133 

USD1140 

l.OA; 40V; ASA 


6-139 

UT242 

1.25A; 200V 

* 

USD6035 

60A; 35V; DO-5 


6-139 

UT244 

1.25A;400V 

* 

USD6045 

60A; 45V; DO-5 


6-139 

UT245 

1.25A; 500V 



SCHOTTKY MODULE 


6-139 

UT247 

1.25A; 600V 

6-135 

USM140C 

lOOA; 40V; Ml 


6-139 

UT249 

1.25A; lOOV 

6-135 

USM145C 

lOOA; 45V; Ml 


6-139 

UT251 

1.5 A; lOOV 

6-135 

USM150C 

lOOA; 50V; Ml 


6-139 

UT252 

1.5A; 200V 

6-137 

USM20040C 

200A; 40V; M2 


6-139 

UT254 

1.5 A; 400V 

6-137 

USM20045C 

200A; 45V; M2 


6-139 

UT255 

1.5 A; 500V 

6-137 

USM20050C 

200A; 50V; M2 


6-139 

UT257 

1.5A; 600V 

7-48 

7-48 

7-48 

7-48 

7-48 

7-48 

7-48 

7-48 

USR12 

USR15 

USR18 

USR20 

USR25 

USR30 

USR35 

USR40A 

RECTIFIER MODULE 

1.2kV 

1.5kV 

1.8kV 

2.0kV 

2.5kV 

3.0kV 

3.5kV 

4.0kV 


6-139 

6-139 

6-139 

UT258 

UT261 

UT262 (1N3981) 

1.5A; 800V 

2.0A; lOOV 

2.0A; 200V 


6-139 

6-139 

6-139 

6-139 

6-139 

6-139 

6-139 

UT264 (1N3982) 

UT265 

UT267 (1N3983) 

UT268 

UT347 

UT361 

UT362 

2.0A; 400V 

2.0A; 500V 

2.0 A; 600V 

2.0A; 800V 
l.OA; lOOOV 
l.OA; 800V 

1.2 A; 800V 
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PAGE 

PART NUMBER 

DESCRIPTION 


PAGE 

PART NUMBER 

DESCRIPTION 

6-139 

UT363 

RECTIFIER 

1.2A; lOOOV 


6-154 

UTR2340 

RECTIFIER 

2.0A; 400V 

6-139 

UT364 

1.5A; lOOOV 


6-154 

UTR2350 

2.0 A; 500V 

6-143 

UT2005 

2.0A; 50V 


6-154 

UTR2360 

2.0A; 600V 

6-143 

UT2010 

2.0A; lOOV 


6-154 

UTR3305 

3.0A; 50V 

6-143 

UT2020 

2.0A; 200V 


6-154 

UTR3310 

3.0A; lOOV 

6-143 

UT2040 

2.0A: 400V 


6-154 

UTR3320 

3.0A; 200V 

6-143 

UT2060 

2.0A: 600V 


6-154 

UTR3340 

3.0 A; 400V 

* 

UT2080 

2,0A: 800V 


6-154 

UTR3350 

3.0A; 500V 

6-143 

UT3005 

3.0A: 50V 


6-154 

UTR3360 

3.0A; 600V 

6-143 

UT3010 

3.0A: lOOV 


6-154 

UTR4305 

4.0A; 50V 

6-143 

UT3020 

3.0A; 200V 


6-154 

UTR4310 

4.0A; lOOV 

6-143 

UT3040 

3.0A: 400V 


6-154 

UTR4320 

4.0A; 200V 

6-143 

UT3060 

3.0A; 600V 


6-154 

UTR4340 

4.0 A; 400V 

6-143 

UT3080* 

3.0 A; 800V 


6-154 

UTR4350 

4.0A; 500V 

6-143 

UT4005 

4.0A; 50V 


6-154 

UTR4360 

4.0A; 600V 

6-143 

UT4010 (1N5180) 

4.0A; lOOV 


6-158 

UTR4405 

6.0 A; 50V 

6-143 

UT4020 

4.0A; 200V 


6-158 

UTR4410 

6.0A; lOOV 

6-143 

UT4040 (1N5207) 

4.0A; 400V 


6-158 

UTR4420 

6.0A; 200V 

6-143 

UT4060 

4.0A; 600V 


6-158 

UTR4430 

6.0A; 300V 


UT4080 

4.0A: 800V 


6-158 

UTR4440 

6.0A; 400V 

♦ 

UT4100 

4.0A; lOOOV 


6-158 

UTR5405 

7.5A; 50V 

6-147 

UT5105 

7.5A: 50V 


6-158 

UTR5410 

7.5A; lOOV 

6-147 

UT5110 

7.5A; lOOV 


6-158 

UTR5420 

7.5A; 200V 

6-147 

UT5120 

7.5A: 200V 


6-158 

UTR5430 

7. 5 A; 300V 

6-147 

UT5130 

7.5A; 300V 


6-158 

UTR5440 

7.5A; 400V 

6-147 

UT5140 

7.5A; 400V 


6-158 

UTR6405 

9.0A; 50V 

6-147 

UT5150 

7.5A: 500V 


6-158 

UTR6410 

9.0A; lOOV 

6-147 

UT5160 

7.5A: 600V 


6-158 

UTR6420 

9.0A; 200V 

6-147 

UT6105 

9.0A; 50V 


6-158 

UTR6430 

9.0A; 300V - 

6-147 

UT6110 

9.0A; lOOV 


6-158 

UTR6440 

9.0A; 400V 

6-147 

UT6120 

9.0A: 200V 


6-161 

UTX105 

l.OA; 50V 

6-147 

UT6130 

9.0A: 300V 


6-161 

UTXllO 

l.OA; lOOV 

6-147 

UT6140 

9.0A: 400V 


6-161 

UTX115 

l.OA; 150V 

6-147 

UT6160 

9.0 A; 600V 


6-161 

UTX120 

l.OA; 200V 

6-147 

UT8105 

12.0A: 50V 


6-161 

UTX125 

l.OA; 250V 

6-147 

UT8110 

12.0A: lOOV 


6-161 

UTX205 

2.0A; 50V 

6-147 

UT8120 

12.0A; 200V 


6-161 

UTX210 

2.0A; lOOV 

6-147 

UT8130 

12.0A: 300V 


6-161 

UTX215 

2.0A; 150V 

6-147 

UT8140 

12.0A: 400V 


6-161 

UTX220 

2.0A; 200V 

6-147 

UT8160 

12.0A; 600V 


6-161 

UTX225 

2.0A; 250V 

6-150 

UTROl 

l.OA; 50V 


6-164 

UTX3105 

3.0 A; 50V 

6-150 

UTR02 

2.0A; 50V 


6-164 

UTX3110 

3.0A; lOOV 

6-150 

UTRIO 

0.5A; lOOV 


6-164 

UTX3115 

3.0A; 150V 

6-150 

UTRll 

l.OA; lOOV 


6-164 

UTX3120 

3.0A; 200V 

6-150 

UTR12 

2.0A; lOOV 


♦ 

UTX3125 

3.0A; 250V 

6-150 

UTR20 

0.5A; 200V 


6-164 

UTX4105 

4.0A; 50V 

6-150 

UTR21 

l.OA; 200V 


6-164 

UTX4110 

4.0A; lOOV 

6-150 

UTR22 

2.0A; 200V 


6-164 

UTX4115 

4.0A; 150V 

6-150 

UTR30 

0.5A; 300V 


6-164 

UTX4120 

4.0A; 200V 

6-150 

UTR31 

l.OA; 300V 


* 

UTX4125 

4.0A; 250V 

6-150 

6-150 

UTR32 

UTR40 

2.0A; 300V 

0.5A; 400V 


9-21 

UZ110-UZ119 

ZENER 

3W; 5% 

6-150 

UTR41 

l.OA; 400V 


9-21 

UZ120-UZ140 

3W; 5% 

6-150 

UTR42 (1N5206) 

2.0A; 400V 


9-21 

UZ210-UZ219 

3W; 10% 

6-150 

UTR50 

0.5A; 500V 


9-21 

UZ220-UZ240 

3W; 10% 

6-150 

UTR51 

l.OA; 500V 


9-21 

UZ706-UZ760 

3W; 5% 

6-150 

UTR52 

2.0 A; 500V 


9-21 

UZ770-UZ790 

3W; 5% 

6-150 

UTR60 

0.5A; 600V 


9-21 

UZ806-UZ860 

3W; 10% 

6-150 

UTR61 

l.OA; 600V 


9-21 

UZ870-UZ890 

3W; 10% 

6-150 

UTR62 

2.0A; 600V 


9-23 

UZ4110-UZ4120 

5W; 5% 

* 

UTR70 

0.5A; 700V 


9-23 

UZ4210-UZ4220 

5W; 10% 

* 

UTR71 

l.OA; 700V 


9-23 

UZ4706-UZ4791 

5W; 5% 

6-154 

UTR2305 

2.0A; 50V 


9-23 

UZ4806-UZ4891 

5W; 10% 

6-154 

UTR2310 

2.0A; lOOV 


9-25 

UZ5110-UZ5119 

5W; 5% 

6-154 

UTR2320 

2.0 A; 200V 
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POWER SUPPLY DESIGNERS’ GUIDE 


POWER HYBRIDS & MODULES 



Type 

, ■ De^c^rlptiofi ;■ 

Key Features , 

, ^ Pkg« 

PIC900B. C, D 

5A; 60V, 80V, lOOV 
H-Bridge Hybrid Circuit 

• Designed and Characterized for Inductive Loads 
as Stepper Motors, DC Motor Drives, 

Full Bridge DC Converters 

• Fast Switching Times with 

Low (5mA) Drive Current 

• Electrically Isolated 18-Pin Dip 
with Integral Heat Spreader 

• Compatible with Automatic Insertion 

18 PIN DIL 
with Integral 
Heat Spreader 
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POWER SUPPLY DESIGNERS' GUIDE 


LINEAR INTEGRATED CIRCUITS 

Pulse Width Modulators 








■ Primary Sid«PWMs 

UC 1842/2842/3842 " 
UC1842/883B 


Mw: 

m/\ 





100mA 

lA X 500kHz 
Pulse 
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POWER SUPPLY DESIGNERS' GUIDE 


LINEAR INTEGRATED CIRCUITS 

Power Supply Support Functions 


TYPE 

DESCRIPTION 

KEY FEATURES 

PACKAGE 

UC1543/2543/3543 

UC1544/2544/3544 

Power Supply 

Supervisory Circuit, 
Monitors and Controls 
Power Supply Output 

• Over/Under-Voltage, and Current Sensing Circuits 

• Programmable Time Delays 

• SCR “Crowbar” Drive of 300mA 

• Optional Over-Voltage Latch 

• Internal 1% Accurate Reference 

• Remote Activation Capability 

• Uncommitted Comparator 

• Inputs for Low Voltage Sensing (UC1544 series only) 

16 Pin 

DIL 

(1543 Series) 

18 Pin 

DIL 

(1544 series) 

UC1706/2706/3706 

Dual High Current 
MOSFET Compatible 
Output Driver 

• Dual, 1.5A, Totem Pole Outputs 

• Parallel or Push-Pull Operations 

• Single-Ended to Push-Pull Conversion 

• Internal Overlap Protection 

• Analog, Latched Shutdown 

• High-Speed, Power MOSFET Compatible 

• Thermal Shutdown Protection 

• 5 to 40V Operation 

• Low Quiescent Current 

16 Pin 

DIL 

UC1834/2834/3834 

High Efficiency 

Linear Regulator, 

Low Input-Output 
Differential 

• Minimum Vin— Vout less than 0.5V at 5A Load 
with External Pass Device 

• Equally Usable for either Positive 
or Negative Regulator Design 

• Adjustable Low Threshold Current Sense Amplifier 

• Under- and Over-Voltage Fault Alert with 

Programmable Delay 

• Over-Voltage Fault Latch with 100mA 

Crowbar Drive Output 

16 Pin 

DIL 

UC1901/2901/3901 

Isolated Feedback 
Generator 

Stable and Reliable 
Alternative to an 

Optical Coupler 

• An Amplitude-Modulation System for Transformer 
Coupling an Isolated Feedback Error Signal 

• Internal 1% Reference and Error Amplifier 

• Loop Status Monitor 

• Low-Cost Alternative to Optical Couplers 

• Internal Carrier Oscillator Usable to 5MHz 

• Modulator Synchronizable to an External Clock 

14 Pin 

DIL 

UC1903/2903/3903 

Quad Supply and 

Line Monitor 

Precision System 

• Monitor Four Power Supply Output Voltage Levels 

• Both Over- and Under- Voltage Indicators 

• Internal Inverter for Negative Level Sense 

• Adjustable Fault Window 

• Additional Input for Early Line Fault Sense 

• On Chip, High-Current General Purpose OP-AMP 

18 Pin 

DIL 


Functional Circuit 


TTPI 

DESCRIPTION 

ICETrEATURES 

PACKAGE 

ue3:704/$7p4: 

Bridge 

Transducer 

Switch 

• Dual Matched Current Sources 

• High-Gain Differential Sensing Circuit 

• Wide Common-Mode Input Capability 

• Complimentary Digital Open-Collector Outputs 

• Externally Programmable Time Delay 

• Optional Output Latch with Reset 

• Built-in Diagnostic Activation 

• Wide Supply Voltage Range 

• High Current Heater Power Source Driver 

16 Pin 

DIL 
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POWER SUPPLY DESIGNERS' GUIDE 


LINEAR INTEGRATED CIRCUITS 

Voltage Regulators 


Three Terminal Voltage Regulators, Adjustable 


TYI^E 

OUTPUt 

CURRENT 

(A) 

POLARmf 

RfGULATED OUTPUT VOLTAfiE 

i > :: (V) 

PACKAGE 

UCil7K/llV!117K 




TO-3 

UC217K/I.M217K 

1.5A 

Pos. 

Adjustable from 1.2V to 37V 

TO-3 

*UC317K/LM317K 




TO-3 

UC137K/LM137K 




TO-3 

UC237K/IM237K 

1.5A 

Neg. 

Adjustable from -1.2V to -37V 

TO-3 

♦UC337K/LM337K 




TO-3 

UC160K/IM150K 




TO-3 

UC250K/LM250K 

3.0A 

Pos. 

Adjustable from 1.2V to 33V 

TO-3 

*UC350K/LM350K. 




TO-3 


Three Terminal Voltage Regulators, Fixed, Positive 


TYPE 

OUTPUT 

CURRENT 

<A) 

POLARITY 

REGULATED OUjTPUT VOLTAGE 

■ : m ■ \ 

PACKAGE 

UC7800AK/IM140AK SERIES 
* UC7800ACK/LM340AK SERIES 

1.5A 

Pos. 

5V ± 1% 

12V ± 1% 

15V ± 1% 

TO-3 

TO-3 

UC7800K/LM140K SERIES 
♦ UC7800CK/LIV1340K SERIES 

1.5A 

i 

Pos. 

5V ± 4% 

12V ± 4% 

15V ± 4% 

TO-3 

TO-3 


Three Terminal Voltage Regulators, Fixed, Negative 


TYPE 

OUTPUT 
CURRENT 
_ (A) 

POURITY 

REGU WTED OUTPUT VOLTAGE 
<V) 

PACKAGE 

UC7900AK/LM120K SERIES 
«UC7goOACK SERIES 

1.5A 

Neg. 

-5V ± 1% 

-12V ± 1% 

-15V ± 1% 

TO-3 

TO-3 

UC7900K SERIES .. 
*UC790GCK/LM320K SERIES 

1.5A 

Neg. 

-5V ± 4% 

-12V ± 4% 

-15V ± 4% 

TO-3 

TO-3 


* Also available in TO-220 package. 


U.S A 
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POWER SUPPLY DESIGNERS' GUIDE 

N-CHANNEL POWER MOSFETS 


TO-3 


Vos 

. Oriin 
Source 
Voltege 
(Volts) 

On-State 

Resist- 

ance 

(Oh-ms) 

Part 

Numbers 

Id Continuous 
Drain Current 
(Amps) 

loM 

Pulsed 

Drain 

Current 

(Amps) 

Pd max 
Power 
Dissi- 
pation 
(Watts) 

lOO^C 

Case 

2BX 

Case 

500 

0.4 

2N6770 

7.75 

12.0 

48 

150 

500 

0.4 

UFN450 

8.0 

13.0 

52 

150 

50Q 

0.5 

UFN452 

7.0 

12.0 

48 

150 

500 

0.85 

UFN440 

5.0 

8.0 

32 

125 

500: 

1.1 

UFN442 

4.0 

7.0 

28 

125 

500 

1.5 

2N6762 

3.0 

4.5 

18 

75 

500 

1.5 

UFN430 

3.0 

4.5 

18 

75 

500 

2.0 

UFN432 

3.5 

4.0 

16 

75 

500 

3.0 

UFN420 

1.5 

2.5 

10 

40 

500 

4.0 

UFN422 

1.0 

2.0 

8 

40 

450 

0.4 

UFN451 

8.0 

13.0 

52 

150 

450 

0.5 

2N6769 

7.0 

11.0 

44 

150 

450 

0.5 

UFN453 

7.0 

12.0 

48 

150 

450 

0.85 

UFN441 

5.0 

8.0 

32 

125 

450 

1.1 

UFN443 

4.0 

7.0 

28 

125 

450 

1.5 

UFN431 

3.0 

4.5 

18 

75 

450 , 

2.0 

2N6761 

2.5 

4.0 

16 

75 

450 

2.0 

UFN433 

2.5 

4.0 

16 

75 

450 

3.0 

UFN421 

1.5 

2.5 

10 

40 

450; 

4.0 

UFN423 

1.0 

2.0 

8 

40 

400 

0.3 

2N6768 

9.0 

14.0 

56 

150 

400 

0.3 

UFN350 

9.0 

15.0 

60 

150 

400 ; 

0.4 

UFN352 

8.0 

13.0 

52 

150 

400 

0.55 

UFN340 

6.0 

10.0 

40 

125 

400 : 

0.8 

UFN342 

5.0 

8.0 

32 

125 

400 

1.0 

2N6760 

3.5 

5.5 

22 

75 

400 

1.0 

UFN330 

3.5 

5.5 

22 

75 

400 

1.5 

UFN332 

3.0 

4.5 

18 

75 

400 

1.8 

UFN320 

2.0 

3.0 

12 

40 

400 

2.5 

UFN322 

1.5 

2.5 

10 

40 

350 ^ 

0.3 

UFN351 

9.0 

15.0 

60 

150 

350 

0.4 

2N6767 

7.75 

12.0 

48 

150 

350 

0.4 

UFN353 

8.0 

13.0 

52 

150 

350 

0.55 

UFN341 

6.0 

10.0 

40 

125 

350, 

0.8 

UFN343 

5.0 

8.0 

32 

125 

350 

1.0 

UFN331 

3.5 

5.5 

22 

75 

350 

1.5 

2N6759 

3.0 

4.5 

18 

75 

350 1 

1.5 

UFN333 

3.5 

4.5 

18 

75 

350 

1.8 

UFN321 

2.0 

3.0 

12 

40 

350 1 

2.5 

UFN323 

1.5 1 

2.5 j 

10 

40 


Vds 

Drain 

Source 

Voltage 

(Volts) 

On-State 
' Resist- 
ance 
(Ohms) , 

Part 

Numbers 

Id Continuous 
Drain Current 
(Amps) 

Idm 

Pulsed 

Drain 

Current 

(Amps) 

Pd max 
Power 
Dissi- 
pation 
(Watts) 

iOOX 

Case 

25"C 

Case 

200 

0.085 

2N6766 

19.0 

30.0 

120 

150 

200 

0.085 

UFN250 

19.0 

30.0 

120 

150 

200 

0.12 

UFN252 

16.0 

25.0 

100 

150 

200 

0.18 

UFN240 

11.0 

18.0 

72 

125 

200 

0.22 

UFN242 

10.0 

16.0 

64 

125 

2<» 

0.4 

2N6758 

6.0 

9.0 

36 

75 

200 

0.4 

UFN230 

6.0 

9.0 

36 

75 

200 

0.6 

UFN232 

5.0 

8.0 

32 

75 

200 

0.8 

UFN220 

3.0 

5.0 

20 

40 

200 

1.2 

UFN222 

2.5 

4.0 

16 

40 

"KO 

0.085 

UFN251 

19.0 

30.0 

120 

150 

150 

0.12 

2N6765 

16.0 

25.0 

100 

150 

150 

0.12 

UFN253 

16.0 

25.0 

100 

150 

150 

0.18 

UFN241 

11.0 

18.0 

72 

125 

150 

0.22 

UFN243 

10.0 

16.0 

64 

125 

ISO 

0.4 

UFN231 

6.0 

9.0 

36 

75 

150 

0.6 

2N6757 

5.0 

8.0 

32 

75 

150 

0.6 

UFN233 

5.0 

8.0 

32 

75 

150 

0.8 

UFN221 

3.0 

5.0 

20 

40 

150 

1.2 

UFN223 

2.5 

4.0 

16 

40 

100 : 

0.055 

2N6764 

24.0 

38.0 

152 

150 

106 

0.055 

UFN150 

25.0 

40.0 

160 

150 

100 

0.08 

UFN152 

20.0 

33.0 

132 

150 

m ■ 

0.085 

UFN140 

17.0 

27.0 

108 

125 

lOO 

0.11 

UFN142 

15.0 

24.0 

96 

125 

100 

0.18 

2N6756 

9.0 

14.0 

56 

75 

100 

0.18 

UFN130 

9.0 

14.0 

56 

75 

100 

0.25 

UFN132 

8.0 

12.0 

48 

75 

100 

0.3 

UFN120 

5.0 

8.0 

32 

40 

w : 

0.4 

UFN122 

4.0 

7.0 

28 

40 

€0 

0.055 

UFN151 

25.0 

40.0 

160 

150 

60 

0.08 

2N6763 

20.0 

31.0 

124 

150 

40 

0.08 

UFN153 

20.0 

33.0 

132 

150 

60 

0.085 

UFN141 

17.0 

27.0 

108 

125 

60 

0.11 

UFN143 

15.0 

24.0 

96 

125 

60 

0.18 

UFN131 

9.0 

14.0 

56 

75 

60 

0.25 

2N6755 

8.0 

12.0 

48 

75 

60 

0.25 

UFN133 

8.0 

12.0 

48 

75 

60 

0.3 

UFN121 

5.0 

8.0 

32 

40 

60 

0.4 

UFN123 

4.0 

7.0 

28 

40 
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PRINTED IN U S.A. 





POWER SUPPLY DESIGNERS 

N-CHANNEL POWER MOSFETS 


TO-220 


Vos 

Drain 

Source 

Voftege 

(Volts) 

On-State 
Resist-;^ 
a nee 


b Continuous 
Drain Current 
(Amps) 

' ' 

Pulsed 

Dr^'n 

Curi^ent 

(Ait^s) 

PoWer 
Di^F ' 
patbn' 
(W^ 


100"C 

Case 

25*C 
Case ' 

^0 

0.85 

UFN840 

5.0 

8.0 

32 

125 

500 

1.1 

UFN842 

4.0 

7.0 

28 

125 

500 

1.5 

UFN830 

3.0 

4.5 

18 

75 

500 

2.0 

UFN832 

2.5 

4.0 

16 

75 

500 

3.0 

UFN820 

1.5 

2.5 

10 

40 

600 

4.0 

UFN822 

1.0 

2.0 

8 

40 

450 

0.85 

UFN841 

5.0 

8.0 

32 

125 

450 

1.1 

UFN843 

4.0 

7.0 

28 

125 

450 

1.5 

UFN831 

3.0 

4.5 

18 

75 

450 

2.0 

UFN833 

2.5 

4.0 

16 

75 

450 

3.0 

UFN821 

1.5 

2.5 

10 

40 

450 

4.0 

UFN823 

1.0 

2.0 

8 

40 

400 

0.55 

UFN740 

6.0 

10.0 

40 

125 

400 

0.80 

UFN742 

5.0 

8.0 

32 

125 

400 

1 1.0 

UFN730 

3.5 

5.5 

22 

75 

400 

1 1.5 

UFN732 

3.0 

4.5 

18 

75 

400 

1.8 

UFN720 

2.0 

3.0 

12 

40 

400 

2.5 

UFN722 

1.5 

2.5 

10 

40 

400 

3.6 

UFN710 

1.0 

1.5 

6 

20 

400 

5.0 

UFN712 

0.8 

1.3 

5 

20 


0.55 

UFN741 

6.0 

10.0 

40 

125 

350 

1 0.8 

UFN743 

5.0 

8.0 

32 

125 

350 

1.0 

UFN731 

3.5 

5.5 

22 

75 

350 

t 1.5 

UFN733 

3.0 

4.5 

18 

75 

350 

1.8 

UFN721 

2.0 

3.0 

12 

40 

350 

2.5 

UFN723 

1.5 

2.5 

10 

40 

350 

3.6 

UFN711 

1.0 

1.5 

6 

20 

350 

5.0 

UFN713 

0.8 

1.3 

5 

20 

200 

0.18 

UFN640 

11.0 

18.0 

72 

125 

200 

0.22 

UFN642 

10.0 

16.0 

64 

125 


GUIDE 


, ' 

Vm 

Drain. 

Source 

Voltage 

(Volts) 

Rus<ont 
On-State 
■ .'Resist- ^ 

>"ance''% 

(Ohms) 

Numbers. 

"b Continuous 
Drain Current 
' : ' (Amps) 

Pulsed 

Dram 

Current 

.(Amps) 

Po MAX 

Power 

Dissi- 

pation 

(Watts) 

lOO^C 

Case. 

25X 

-„Case 

200 

0.4 

UFN630 

6.0 

9.0 

36 

75 

200 

0.6 

UFN632 

5.0 

8.0 

32 

75 

200 

0.8 

UFN620 

3.0 

5.0 

20 

40 

200 

1.2 

UFN622 

2.5 

4.0 

16 

40 

200 

1.5 

UFN610 

1.5 

2.5 

10 

20 

'200 

2.4 

UFN612 

1.25 

2.0 

8 

20 

150" 

0.18 

UFN641 

11.0 

18.0 

72 

125 

150 

0.22 

UFN643 

10.0 

16.0 

64 

125 

150 j 

0.4 

UFN631 

6.0 

9.0 

36 

75 

150 

0.6 

UFN633 

5.0 

8.0 

32 

75 

150 

0.8 

UFN621 

3.0 

5.0 

20 

40 

150 

1.2 

UFN623 

2.5 

4.0 

16 

40 

150 

1.5 

UFN611 

1.5 

2.5 

10 

20 

150 

2.4 

UFN613 

1.25 

2.0 

8 

20 

100 : 

0.085 

UFN540 

17.0 

27.0 

108 

125 

.100 

0.11 

UFN542 

15.0 

24.0 

96 

125 

100 

0.18 

UFN530 

9.0 

14.0 

56 

75 

100/ 

0.25 

UFN532 

8.0 

12.0 

48 

75 

100 

0.3 

UFN520 

5.0 

8.0 

32 

40 

100 

0.4 

UFN522 

4.0 

7.0 

28 

40 

100 

0.6 

UFN510 

2.5 

4.0 

16 

20 

100 

0.8 

UFN512 

2.0 

3.5 

14 

20 

m 

0.085 

UFN541 

17.0 

27.0 

108 

125 

m 

0.11 

UFN543 

15.0 

24.0 

96 

125 

m 

0.18 

UFN531 

9.0 

14.0 

56 

75 

60 

0.25 

UFN533 

8.0 

12.0 

48 

75 

60 

0.3 

UFN521 

5.0 

8.0 

32 

40 

60 

0.4 

UFN523 

4.0 

7.0 

28 

40 

60 

0.6 

UFN511 

2.5 

4.0 

16 

20 

60 

0.8 

UFN513 

2.0 

3.5 

14 

20 
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PRINTED IN U.S A 




POWER SUPPLY DESIGNERS' GUIDE 


N-CHANNEL POWER MOSFETS 


TO-39 


Vos 

Drain 

Sourca 

Voitage 

(Volts) 

Resist- 

ance 

(Ohms) 

Part 

Numbers 

Id Continuous 
Drain Current 
(Amps) 

Drain 

Current 

(Amps) 

Pd MAX. 
Power 
Dissi- ■ 
pation 
(Watts) 

100*^0 

Case 

26«C 

Case 

500 

1.5 

UFNF430 

1.75 

2.75 

11 

25 

500 

1.5 

2N6802 

1.5 

2.5 

11 

25 

500 

2.0 

UFNF432 

1.5 

2.25 

9 

25 

500 

3.0 

UFNF420 

1.0 

1.6 

65 

20 

600 

3.0 

2N6794 

0.95 

1.5 

6.5 

20 

KK) 

4.0 

UFNF422 

0.9 

1.4 

5.5 

20 

450 

1.5 

UFNF431 

1.75 

2.75 

11 

25 

450 

1.5 

2N6801 

1.5 

2.5 

11 

25 

450 

2.0 

UFNF433 

1.5 

2.25 

9 

25 

450 

3.0 

UFNF421 

1.0 

1.6 

6.5 

20 

450 

3.0 

2N6793 

0.95 

1.5 

6.5 

20 

450 

4.0 

UFNF423 

0.9 

1.4 

5.5 

20 

400 

1.0 

UFNF330 

2.0 

3.5 

14 

25 

400 

1.0 

2N6800 

1.6 

3.0 

14 

25 

400 

1.5 

UFNF332 

1.6 

3.0 

12 

25 

400 

1.8 

UFNF320 

1.45 

2.5 

10 

20 

400 

1.8 

2N6792 

1.25 

2.0 

10 

20 

400 

2.5 

UFNF322 

1.2 

2.0 

8 

20 

400 

3.6 

UFNF310 

0.85 

1.35 

5.5 

15 

400 

3.6 

2N6786 

0.80 

1.25 

5.5 

15 

400 

5.0 

UFNF312 

0.70 

1.15 

4.5 

15 

350 

1.0 

UFNF331 

2.0 

3.5 

14 

25 

350 

1.0 

2N6799 

1.6 

3.0 

14 

25 

350 

1.5 

UFNF333 

1.6 

3.0 

12 

25 

350 

1.8 

UFNF321 

1.45 

2.5 

10 

20 

350 

1.8 

2N6791 

1.25 

2.0 

10 

20 

350 

2.5 

UFNF323 

1.2 

2.0 

8 

20 

350 

3.6 

UFNF311 

0.85 

1.35 

5.5 

15 

350 

3.6 

2N6785 

0.80 

1.25 

5.5 

15 

350 ; 

5.0 

UFNF313 

0.70 

1.15 

4.5 

15 

200 

0.4 

2FNF6798 

3.5 

5.5 

22 

25 

200 

0.4 

UFNF230 

3.5 

5.5 

22 

25 

200 

0.6 

UFNF232 

2.8 

4.5 

18 

25 

200 

0.8 

2N6790 

2.1 

3.5 

14 

20 

200 

0.8 

UFNF220 

2.1 

3.5 

14 

20 

200 

1.2 

UFNF222 

1.75 

3.0 

12 

20 

' mb'- 

1.5 

2N6784 

1.45 

2.25 

9 

15 

wm ■ 

1.5 

UFNF210 

1.4 

2.2 

9 

15 

200 

2.4 

UFNF212 

1.1 

1.8 

7.5 

15 

150 

0.4 

2N6797 

3.5 

5.5 

22 

25 

150 : 

0.4 

UFNF231 

3.5 

5.5 

22 

25 

150 

0.6 

UFNF233 

2.8 

4.5 

18 

25 

160 

0.8 

2N6789 

2.1 

3.5 

14 

20 

156 

0.8 

UFNF221 

2.1 

3.5 

14 

20 

150 

1.2 

UFNF223 

1.75 

3.0 

12 

20 

156 : 

1.5 

2N6783 

1.45 

2.25 

9 

15 

150 

1.5 

UFNF211 

1.4 

2.2 

9 

15 

150 : 

2.4 

UFNF213 

1.1 

1.8 

7.5 

15 

;400- ■ 

0.18 

2N6796 

5.0 

8.0 

32 

25 

100 

0.18 

UFNF130 

5.0 

8.0 

32 

25 

100 

0.25 

UFNF132 

4.5 

7.0 

28 

25 

100 

0.3 

2N6788 

3.5 

6.0 

24 

20 

100 

0.3 

UFNF120 

3.5 

6.0 

24 

20 

100 

0.4 

UFNF122 

3.0 

5.0 

20 

20 


TO-39 (CONT'D) 


* Vds 
O ram 
Source 
Vdtage 
(Volts) 

■Resist- -- 
ance 
(Ohms) 

Part 

Numbers 

Id Continuous 
Drain Current 
(Amps) 

'Pulsed 

Drain 

Current 

(Amps) 

PjD MAX. 
Power 
■ Dissi- 
pation 

mm 

IQOX 

Case 

25"C 

Case 

100 

0.6 

2N6782 

2.25 

3.5 

14 

15 

100 

0.6 

UFNFllO 

2.25 

3.5 

14 

15 

100 

0.8 

UFNF112 

2.0 

3.0 

12 

15 

60 

0.18 

2N6795 

5.0 

8.0 

32 

25 

60 

0.18 

UFNF131 

5.0 

8.0 

32 

25 

SO 

0.25 

UFNF133 

4.5 

7.0 

28 

25 

60 

0.3 

2N6787 

3.5 

6.0 

24 

20 

60 

0.3 

UFNF121 

3.5 

6.0 

24 

20 

SO 

0.4 

UFNF123 

3.0 

5.0 

20 

20 

/ 60 

0.6 

2N6781 

2.25 

3.5 

14 

15 

60 

0.6 

UFNFlll 

2.25 

3.5 

14 

15 

so 

0.8 

UFNF113 

2.0 

3.0 

12 

15 


TO-92 


Vos 

Ro.Si'ion) 


Id Continuous 
Drain Current 

iOM 

POMAX. 

Drain 

On*$tate 


(Amps) 

Pulsed 

Power 

Soufcp 

Vote^' 

;tesisb 

ance 

'■■■■Part 

25*C 

Drain 

Current 

Dissi- 

pation 

(Voit^: 

(Ohms) 

Numbers 

Case 

(Amps) 

(Watts) 

100 

1.5 

UFNA12 

1.0 

2.0 

2.4 

60 

1.5 

UFNAll 

1.0 

2.0 

2.4 


4 PIN DIP 


Source 

Voltage 

Volts 

Pos(on) 
On-State 
^ Risl^- 
■ '.'ance 
(Ohms) 

^■ . Part-.-' 

Numbers 

Id Continuous 
Drain Current 
(Amps) 

>S&: 

Drain 

Current 

(AmpI) 

fwmmi 
■■' Rower- 

' DiSS'k'./:' 

pation 

Svatts) 


200 

1.5 

UFND210 

0.6 

2.5 

1.0 

150 

2.4 

UFND213 

0.45 

1.8 

1.0 

100 

0.3 

UFND120 

1.3 

5.2 

1.0 

100 : 

0.6 

UFNDllO 

1.0 

4.0 

1.0 

100 

2.4 

UFNDIZO 

0.5 

2.0 

1.0 

60 . 

0.4 

UFND123 

1.1 

4.4 

1.0 

60 

0.8 

UFND113 

0.8 

3.0 

1.0 

- id/ 

3.2 

UFND1Z3 1 

0.4 

1.5 

1.0 
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PRINTED IN U.S.A. 







POWER SUPPLY DESIGNERS' GUIDE 


NPN POWER SWITCHING TRANSISTORS 

Plastic Packaging 


Type 


vlilPRiiiifflSiy 

m/ 

Ic 

Max . Switching Time O ^ s ) 

® Ic ( A ) 

; Pkg. 





sm 









UMT1203 

300 

7 (5) 2.0 

1.2 @2.0 

1.0 

4.0 

0.7 

2.0 

TO-220 


400 

7 @2.0 

1.2 @2.0 

1.0 

4.0 

0.7 

2.0 

TO-220 










'UMt'iawr: 

300 

8 @2.0 

0.6 @2.0 

0.7 

3.5 

0.9 

2.0 

TO-220 

uyiisoos 

400 

8 @2.0 

0.6 @2.0 

0.7 

3.5 

0.9 

2.0 

TO-220 

iOA 









UMTiaoOS 

300 

6 @ 5.0 

1.5 @5.0 

1.0 

3.0 

0.7 

5.0 

TO-220 

UMTiaoO? 

400 

6 @5.0 

1.5 @5.0 

1.0 

3.0 

0.7 

5.0 

TO-220 

i2.0A 









UMTlSOOa 

300 

6 @8.0 

1.5 @8.0 

1.0 

3.0 

0.7 

8,0 

TO-220 

UMT13009 

400 

6 @8.0 

1.5 @8.0 

1.0 

3.0 

0.7 

8.0 

TO-220 
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PRINTED IN U S A 



POWER SUPPLY DESIGNERS' GUIDE 


NPN POWER SWITCHING TRANSISTORS (continued) 

Metal Can Packaging 


Type 

VcBWaus) 

Mm, 

hpE # Ic 

Max. 

Ic 

Max. SwitcHifig Time (/,<$) 

Pkg. 

tr 

^8 

tf 

@ ip 

3.0A 









2N5838 

250 

10 @ 2.0 

1.0 @ 3.0 

1.5 

3.0 

1.5 

3.0 

TO-3 

2N5839 

275 

10 @ 2.0 

1.5 @ 2.0 

1.5 

3.75 

1.5 

2.0 

TO-3 

2N5840 

350 

10 @ 2.0 

1.5 @ 2.0 

1.7 

3.75 

1.5 

2.0 

TO-3 

5.0A 









2N6542 

300 

7 @ 3.0 

1.0 @ 3.0 

0.7 

4.0 

0.8 

3.0 

TO-3 

2N6671 

300 

10 @ 5.0 

1.0 @ 5.0 

0.5 

2.5 

0.4 

5.0 

TO-3 

UMT1006 

350 

7 @ 3.0 

1.0 @ 3.0 

0.4 

4.0 

0.4 

3.0 

TO-3 

2M6672 

350 

10 @ 5.0 

1.0 @ 5.0 

0.5 

2.5 

0.4 

5.0 

TO-3 

uivmoo7 

400 

7 @ 3.0 

1.0 @ 3.0 

0.4 

4.0 

0.4 

3.0 

TO-3 

2N6543 

400 

7 @ 3.0 

1.0 @ 3.0 

0.7 

4.0 

0.8 

3.0 

TO-3 

2N6673 

400 

10 @ 5.0 

1.0 @ 5.0 

0.5 

2.5 

0.4 

5.0 

TO-3 

S,0A - 









2N6306 

250 

15 @ 3.0 

0.8 @ 3.0 

0.6 

1.6 

0.4 

3.0 

TO-3 

2N6307 

300 

15 @ 3.0 

0.8 @ 3.0 

0.6 

1.6 

0.4 

3.0 

TO-3 

2N6544 

300 

7 @ 5.0 

1.5 @ 5.0 

1.0 

4.0 

1.0 

5.0 

TO-3 

UMTIOOS 

300 

7 @ 5.0 

1.5 @ 5.0 

0.4 

4.0 

0.4 

5.0 

TO-3 

2N6308 

350 

12 @ 3.0 

1.5 @ 3.0 

0.6 

1.6 

0.4 

3.0 

TO-3 

2N6545 

400 

7 @ 5.0 

1.5 @ 5.0 

1.0 

4.0 

1.0 

5.0 

TO-3 

UMT1009 

400 

7 @ 5.0 

1.5 @ 5.0 

0.4 

4.0 

0.4 

5.0 

TO-3 

lO.OA 









2N6354 ^ 

120 

10 @ 10.0 

1.0 @ 10.0 

0.3 

1.0 

0.2 

5.0 

TO-3 

2N6249 

200 

10 @ 10.0 

1.5 @ 10.0 

2.0 

3.5 

1.0 

10.0 

TO-3 

2N6250 

275 

8 @ 10.0 

1.5 @ 10.0 

2.0 

3.5 

1.0 

10.0 

TO-3 

2M6674 

300 

8 @ 10.0 

1.0 @ 10.0 

0.6 

2.5 

0.5 

10.0 

TO-3 

2H6251 ^ 

350 

6 @ 10.0 

1.5 @ 10.0 

2.0 

3.5 

1.0 

10.0 

TO-3 

2N6675 I 

400 

8 @ 10.0 

1.0 @ 10.0 

0.6 

2.5 

0.5 

10.0 

TO-3 

IBM 









2N6496 

100 

12 @ 8.0 

1.0 @ 8.0 

0.5 

1.5 

0.5 

8.0 

TO-3 

2N6546 

300 

6 @ 10.0 

1.5 @ 10.0 

0.7 

4.0 

0.7 

10.0 

TO-3 

2N6676 

300 

8 @ 15.0 

1.0 @ 15.0 

0.6 

2.5 

0.5 

15.0 

TO-3 

UMTlOll 

350 

6 @ 10.0 

1.0 @ 10.0 

0.4 

4.0 

0.4 

10.0 

TO-3 

2N6677 

350 

8 @ 15.0 

1.0 @ 15.0 

0.6 

2.5 

0.5 

15.0 

TO-3 

UIVfT1012 

400 

6 @ 10.0 

1.0 @ 10.0 

0.4 

4.0 

0.4 

10.0 

TO-3 

2N6547 

400 

6 @ 10.0 

1.5 @ 10.0 

0.7 

4.0 

0.7 

10.0 

TO-3 

2N667a 

400 

8 @ 15.0 

1.0 @ 15.0 

0.6 

2.5 

0.5 

15.0 

TO-3 

UMTaOOD 

450 

7 @ 15.0 

1.5 @ 10.0 

0.22 

0.9 

0.2 

10.0 

TO-3 

2O.0A 









2N5039 

75 

20 @ 10.0 

1.0 @ 10.0 

0 . 5 ( 1 ) 



0 . 5 ( 2 ) 

10.0 

TO-3 

2N5038 

90 

20 @ 12.0 

1.2 @ 12.0 

0 . 5 ( 1 ) 


0 . 5 ( 2 ) 

12.0 

TO-3 

30.0A 




1 





2N5671 

90 

20 @ 15.0 

0.75 @ 15.0 

0.5 ' 

1.5 

0.5 

15.0 

TO-3 

2N5672 

120 

20 @ 15.0 

0.75 @ 15.0 

0.5 

1.5 

0.5 

15.0 

TO-3 

UMT2003 

400 

10 @ 15.0 

1.5 @ 20.0 

1.0 

3.0 

0.8 

20.0 

TO-3 


<i)Turn-on Time 
<2)Turn-off Time 


IN U S 
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POWER SUPPLY DESIGNERS' GUIDE 


SCHOTTKY BARRIER POWER RECTIFIERS 



'4 . ' 


' ' ' '' 

. Beak Reverse 


Type' ' ■' V' ; 


TV) /" 


,ft .Ttw)Sient Current ■ - 
. • (A) 


---r- Ih' " 






= 1-N5817 

20V 

0.45 @ lA 



Axial 

1N5818 

30V 

0.55 @ lA 

10.0 

N/A 

Leaded 

1N5819 

40V 

0.60 @ lA 



Plastic 

USOU20 

20V 

0.450 @ lA 



Axial 

USDllSO 

30V 

0.475 @ lA 

10.0 

N/A 

Leaded 


40V 

0.500 @ lA 



Plastic 

3A 






imsm ^ 

20V 

0.475 @ 3A 



Axial 

IN5?21 

30V 

0.500 @ 3A 

20.0 

N/A 

Leaded 


40V 

0.525 @ 3A 



Plastic 

: V ' 






USD 620 : : , 

20V 





' '' 'USD635 
USD640 

35V 

40V 

0.48 @ 6A 

50.0 

1.0 

TO-220AC 
(2 Lead) 

USD645 

45V 




- SA'^ ' 






USD720 

20V 





USD735 

USD740 

35V 

40V 

0.48 @ 8A 

50.0 

1.0 

TO-220AC 
(2 Lead) 

USD745 

45V 




12A 






USD820 

20V 





USD835 

USD840 

35V 

40V 

0.51 @ 12A 

50.0 

1.0 

TO-220AC 
(2 Lead) 

USD845 , 

45V 




ISA 






u$09ao 

20V ' 





USD935 
U$D940 , 

35V 

40V 

0.53 @ 16A 

50.0 

2.0 

TO-220AC 
(2 Lead) 

U$D945 

45V ; 




SOA 






1N6097 : 
1N6098 , ,c 

30V 

40V 

0.86 @ 157A 

250.0 

2.0 

DO-5 

(DO-223AB) 

SOA 






■ ' SD5i' r 

45V @ Tj = 25°C 
35V @ Tj = 125°C 

0.6 @ 60A 

200.0 @ 35V 

2.0 

DO-5 

(DO-223AB) 

'7m'' 







20V 


50.0 


DO -5 

USDS35 ; 
USD645-^- 

35V 

45V 

0.6 @ 60A 


2.0 

(DO-223AB) 

USDS50 

50V 


75.0 




♦Elevated Temperature 
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POWER SUPPLY DESIGNERS' GUIDE 


SCHOTTKY BARRIER POWER RECTIFIERS (continued) 

Schottky Center-Tap Rectifiers 



Vrwm 

(V) 

(mA) 

Transient Current 
(A) 

■" . : 

m 

20V 

35V 

40V 

45V 

0.6 @ 12A 

50.0 

1.0 

TO-220AB 

USD620C 

USP635C 

US0640C 

yfSd645C 

m 

20V 

35V 

40V 

45V 

0.6 @ 16A 

50.0 

1.0 

TO-220AB 

USD720a^ 

U$D735C 

USD740C 

U$D745C 

30A 

20V 

35V 

45V 

0.6 @ 20A 

50.0 

2.0 

TO-3 

Center-Tap 

USD320C 

USD335C 

USD345C 

::.SK4.1 

45V @ Tj = 25°C 
35V (5) Tj = 125°C 

0.6 @ 20A 

100.0 @ 35V 

2.0 

TO-3 

Center-Tap 

lOOA 

40V 

45V 

50V 

0.63 @ 60A 

75.0 ! 

1 

2.0 

TO-3 Base 
(Top Connector 
Module) 

U$M140C 

US1V1145C 

USIVI150C 

200A 

40V 

45V 

50V 

0.64 @ 
lOOA 

125.0 

2.0 

M2 

Power 

Block 

(see datasheet) 

USM20040C 

U$M20045C 

USM20050C 


USA 
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POWER SUPPLY DESIGNERS' GUIDE 

P/N JUNCTION RECTIFIERS 

Low Voltage, Ultra-Fast Recovery (Lr < 50ns) 


Type 1 


. _<V) 


' ' (ns) . ' , 


lA 






: UESlOOl 
uEsiooa- =: 

50V 

lOOV 

.895 @ lA 

0.05 

25 

Axial Leaded 

Glass 

. UESI003 

150 V 




2JA 






ucsiioi ' ^ 

U'ES1102^. 

50V 

lOOV 

.895 @ 2A 

0.05 

25 

Axial Leaded 

Glass 

uesiio3> •. 

150V 




6A 






UES1»1 
UESIKK . 

50V 

lOOV 

.850 @ 6A 

0.15 

30 

Axial Leaded 

Glass 

yEB13C»:-r 

150V 




SA 






UES1401 

50V 


0.15 



UES1402 ^ 

lOOV 

.895 @ 8A 

0.15 

35 

TO-220AC 

UES1403. 

150V 

0.15 

(2 Lead) 

U£$1404 ^ 

200V 


0.50 



ISA 






UES1501 1 

50V 


0.80 



UES1502 

lOOV 

.830 @ 16A 

0.80 

35 

TO-220AC 

UES1503 ^ ^ 

150V 

0.80 

(2 Lead) 

,UES1504 ' 

200V 


1.00 


2SA 






UES701 

50V 




DO-4 

(DO-203AA) 

UES702 

UE$703 

lOOV 

150V 

.825 @ 25A 

4.0 

35 

70A 






UES801 

50V 




DO-5 

(DO-203AB) 

UES802 . 
UE$803 

lOOV 

150 V 

.840 @ 70A 

30.0 

50 


High Voltage, Ultra-Fast Recovery (trr < 50ns) 


' Type , , ;; , 

VrwM ' ' ' 

VrflF 
(V) - 

' Ir # VrWM ' ; 
(mA) -N 

' trV 

... .(ns)-. 


, „ ' . -r.' " Pkff: r". ■ 

u 

200V 

300V 

400V 

1.15 @ lA 

0.20 

50 

Axial Leaded 

Glass 

UBH04 
UES1105 ' ‘ 
UES1108 

5A 

200V 

300V 

400V 

1.15 @ 3A 

0.50 

50 

Axial Leaded 

Glass 

UE$1304 
UES1305 : 
UES1306 : 

20A 

200V 

300V 

400V 

1.15 @ 20A 

10.0 

50 

DO-4 

(DO-203AA) 

UES704 ‘ ' 
UES705 
. UES706 

50A 

200V 

300V 

400V 

1.15 @ 50A 

30.0 

50 

DO-5 

(DO-203AB) 

UE$804 
UES80S 
UES806 : 


* Elevated Temperature 
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POWER SUPPLY DESIGNERS' GUIDE 


P/N JUNCTION RECTIFIERS (continued) 
Ultra-Fast Recovery Center-Tap Rectifiers (t,r < 50ns) 


' Type ^ 


" . ■ Vjs # If* ; 

• - ' V (V) X ' 




ISA 






U£$2401 

50V 


0.15 



ill 

lOOV 

150 V 

200V 

.895 @ 8A 

0.15 

0.15 

0.50 

35 

TO-220AB 

aoA 






' U^60T' 

50V 




TO-3 

Center-Tap 

ummz 

:UES2603 

lOOV 

150 V 

.825 (3) 15A 

4.0 

35 

UE^604 

200V 




TO-3 

Center-Tap 

UES2605. 

- UES2606 

300V 

400V 

1.15 @ 15A 

10.0 

50 


2 


Super-Fast Recovery Rectifiers (trr = 100ns) 


Type 


Vf ^ ip 

; m ^ 


im}./ 

'' ' PNg. 

2A 






SES5001 

SES5CI02 

50V 

lOOV 

.895 @ lA 


100 

Axial Leaded 

Glass 

SES5003 

150V 




m 






^S5301 

SES5a)2 

50V 

lOOV 

.895 @ 5A 

.15 

100 

Axial Leaded 

Glass 

SES5303 

150V 




BA 






SES540r 

50V 




TO-220AC 

SES5402 

lOOV 

.945 @ 8A 

.15 

100 

.. .SE$5403 , :. 

150V 




(2 Lead) 

SES5504 

200V 


.05 



20A 






SESSTOi 

50V 




DO-4 

(DO-203AA) 

: ' ' SES6702 - 
X SES5703- 

1 lOOV 

i 150V 

.830 @ 20A 

4.0 

100 

$6a > 






; SESSaOl 

50V 




DO-5 

DO-203AB 

SES^aoa 
; MwmB , 

lOOV 

150V 

.850 (g) 60A 

30.0 

100 


/'-type'" ' ", '' 

Vrwm 

, Vp @ (f^., ,, 
'4w<x(V) 

-X ' iFl# 

(mA)' 


/''I'' 

UA 






S&401C ' 

50V 





S£$5402C 

SES5403C 

lOOV 

150V 

.945 @ 8A 

.15 

100 

TO-220AB 

$ES5404C 

200V 





'aSAr' 






'SES560iC 

50V 




TO-3 

Center-Tap 

SES5602C 

SES5603C 

lOOV 

150 V 

.830 @ 12.5A 

4.0 

100 


*Elevated Temperature 
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MOTOR CONTROL DESIGNERS’ GUIDE 


Motor Control Circuits 


TYI>E : : 

DESCRIPTION 

" 'i.; KIYFEATURES^ \ 

RACKA0E 

'1292 

2A, 36V, 30KHz, 

H -Bridge Motor Driver 

• External Loop Adjustment 

• Single Power Supply (18-36V) 

• Input Signal Symmetric to Ground 

• Thermal Protection 

15 Pin 

Power SIP 

' t293,fi49,3E,;>;' I'; 

Four Channel 

Push-Pull Drivers 
for Inductive Loads 

• lA Output per Channel (2A peak non-repetitive) 

• Supply Voltage to 36V 

• Inhibiting Facility 

• Thermal Protection 

• High Noise Immunity 

• E-Version Provides for External 

Emitter Sense Resistors 

• Compatible with Standard TTL Logic Inputs 

L293 

16 Pin 

"Batwing” Dip 

L293E 

20 Pin 

"Batwing” Dip 


Dual PWM Solenoid 
Driver and 

Stepper Motor Driver 

• 3A Peak Current Per Driver 

• Supply Voltage to 40V 

• Current Limiting 

• Thermal Protection 

• Compatible with Standard TTL Logic Inputs 

15 Pin 

Power SIP 

PI€90DB,aD 

5A: 60V, 80V, lOOV 
H-Bridge Hybrid Circuit 

• Designed and Characterized for Inductive Loads 
as Stepper Motors, DC Motor Drives, 

Full Bridge DC Converters 

• Fast Switching Times with 

Low (5 mA) Drive Current 

• Electrically Isolated 18-Pin Dip 
with Integral Heat Spreader 

• Compatible with Automatic Insertion 

18 Pin DIL with 
Integral Heat 
Spreader 

UC1637/2637/3637 

Switched Mode 

Controller for 

DC Motor Drive 

• Single or Dual Supply Operation 

• + 2.5 to ± 20V Input Supply Range 

• ± 5% Initial Oscillator Accuracy; 

± 10% Over Temperature 

• Pulse-by-Pulse Current Limiting 

• Under-Voltage Lockout 

• Uncommitted PWM Comparators for 

Design Flexibility 

18 Pin 

Dip 

UC17H/UC3717 

, ^ ^ ' '' 1 7 

Stepper Motor 

Drive Circuit 

• Half- Step and Full-Step Mode 

• Bipolar Constant Current Chopper Drive 

• Built-In Protection Diodes (Schottky) 

• Wipe Range of Current Control 5-lOOOmA 

• Wide Voltage Range 10-45V 

• Designed for Unregulated Motor 

Supply Voltage 

• Thermal Overload Protection 

16 Pin 

Dip 


Note: U2TA506, 8 & 10 and U2TA606, 8 & 10 TO-92 Darlingtons are appropriate for driving DC brushless motors and other inductive loads. 
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MILITARY DESIGNERS’ GUIDE 


SILICON RECTinERS 

Schottky 




r 

MAXIMUM 

MAXIMUM 







REVERSE 




OUTW 


VOCtASE 

CURRENT 

'-'''V’-*/' -V' 


TYPi 

wmmr 



AtT|»iaS"C 

PACKAGE 


LN6391 

25A 

45V 

0.44V @ 5A (pk) 

15mA @ 45V (pk) 

DO-4 

/553* 

1N6392 

60A 

45V i 

0.47V @ lOA (pk) 

20mA @ 45V (pk) 

DO-5 

/554* 


* Series available as JAN, JANTX and JANTXV 


High Efficiency, Fast Switching 



OUTPUT 

CURRENT 


MAXIMUM 

fORWARO 

RiViRSI 
RECOVERY 
■. TIME 

PACKAGE 

Mtl^aSSOO 



50V 

.875V 


Axial 

/477* 

1N5804 

2.5A 

lOOV 

@ 

25ns 

Axial 

/Ml 



150V 

lA 


Axial 

/Ml 



50V 

.875V 


Axial 

/Ml* 

1N5809 

6.0A 

lOOV 

@ 

30ns 

Axial 

/Ml 



150V 

4A 


Axial 

/Ml 



50V 

.900V 


DO-4 

7478* 

1N5S14 

20A 

lOOV 

@ 

35ns 

DO-4 

7478 



150V 

lOA 


DO-4 

7478 



50V 

.975V 


DO-5 

7550* 

1N6305 

70A 

lOOV 

@ 

50ns 

DO-5 

7550 

1N6306 


150 V 

70A 

1 

DO-5 

7550 


* Series available as JAN, JANTX and JANTXV 


General Purpose, Fast Recovery 


TYPE 

OUTPUT 

CURRENT 


MAXIMUM 

FORWARD 

VOLTAGE 

REVERSE ™ 
RECOVERY 

TIME 

PACKAGE 

MtL$49S00 

1N4942 

lA 

200V 

1.3V @ lA 

150ns 

Axial 

7359* 

1N4944 

lA 

400V 

1.3V @ lA 

150ns 

Axial 

7359 

1N4946 

lA 

600V 

1.3V @ lA 

250ns 

Axial 

7359 

1N5615 

lA 

200V 

1.6V @ 3A 

150ns 

Axial 

7429* 

1N5617 

lA 

400V 

1.6V @ 3A 

250ns 

Axial 

7429 

1N5619 

lA 

600V 

1.6V @ 3A 

250ns 

Axial 

7429 

1N5186 

3A 

lOOV 

1.5V @ 9A 

150ns 

Axial 

7424** 

1N5187 

3A 

200V 

1.5V @ 9A 

200ns 

Axial 

7424 

1N5188 

3A 

400V 

1.5V (§> 9A 

250ns 

Axial 

7424 

1N5189 

3A 

600V 

1.5V (§)9A 

400ns 

Axial 

7424 

1N5416 ■' , 

3A 

50V 

1.5V @ 9A 

150ns 

Axial 

7411* 

1N541S ^ 

3A 

lOOV 

1.5V @ 9A 

150ns 

Axial 

7411 

IN5417 1 

3A 

200V 

1.5V @ 9A 

150ns 

Axial 

7411 

IN5418 

3A 

400V 

1.5V @ 9A 

150ns 

Axial 

7411 

imm ; 

3A 

500V 

1.5V @ 9A 

250ns 

Axial 

7411 

1N6420 1 

3A 

600V 

1.5V @ 9A 

400ns 

Axial 

7411 


* Series available as JAN, JANTX and JANTXV 
** Series available as JAN and JANTX 
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MILITARY DESIGNERS’ GUIDE 


SILICON RECTIFIERS (continued) 

General Purpose, Standard Recovery 


Txh 

OUTPUT 
CURRENT V 


MAXIMUM ' 
FORWARD : 

4; -.-VOLTAGE 

SURGE 

CURRENT 

PACKAGE 

MILSaSSOD 

mmi 

75mA 

60V 

l.OV @ 20mA 

225mA 

DO-7 

7193*** 

imm 

55mA 

125V 

l.OV @ 7mA 

165mA 

DO-7 

7193 

1H459 

40mA 

175V 

l.OV @ 3mA 

120mA 

DO-7 

7193 

mmB 

200mA 

70V 

l.OV @ 100mA 

2A 

DO-7 

7118** 

mmsB 

200mA 

180V 

l.OV @ 100mA 

2A 

DO-7 

7118 


40mA 

175V 

l.OV @ 10mA 

500mA 

DO-7 

7256*** 

mm 

400mA 

270V 

l.OV @ 400mA 

5A 

DO-7 

7240** 

IN645-1 , 

400mA 

270V 

l.OV @ 400mA 

5A 

DO-35 

7240’^ 

iN647 

400mA 

480V 

l.OV @ 400mA 

5A 

DO-7 

7240** 

1N64'7-1 

400mA 

480V 

l.OV @ 400mA 

5A 

DO-35 

7240* 

lN4a45 

lA 

200V 

1.3V @ 3A 

25A 

Axial 

7286* 

1N4246 

lA 

400V 

1.3V @ 3A 

25A 

Axial 

7286 

1N4247 

lA 

600V 

1.3V @ 3A 

25A 

Axial 

7286 

1N424B 

lA 

800V 

1.3V @ 3A 

25A 

Axial 

7286 

IN4249- 

lA 

lOOOV 

1.3V @ 3A 

25A 

Axial 

7286 

1N5614 - 

lA 

200V 

1.3V @ 3A 

30A 

Axial 

7427* 

1N5616 

lA 

400V 

1.3V @ 3A 

30A 

Axial 

7427 

1N5618 

lA 

600V 

1.3V @ 3A ' 

30A 

Axial 

7427 

IN562D 

lA 

800V 

1.3V @ 3A i 

30A 

Axial 

7427 

rnmn 

2A 

200V 

1.1V@1A 

20A 

Axial 

7228** 

1H3612 - 

2A 

400V 

l.lV(g) lA 

20A 

Axial 

7228 

1N3613 I 

2A 

600V 

I.IV @ lA 

20A 

Axial 

7228 

IN3614 

2A 

800V 1 

1.1V@ lA 

20A 

Axial 

7228 

immo , 

3A 

200V 

1.2V @ 9A 

lOOA 

Axial 

7420* 

1N5551 

3A 

400V 

1.2V (g) 9A 

lOOA 

Axial 

7420 

IN5552 

3A 

600V 

1.2V @ 9A 

lOOA 

Axial 

7420 

inmm ^ 

3A 

800V 

1.2V @ 9A 

lOOA 

Axial 

7420 


* Series available as JAN, JANTX and JANTXV 
** Series available as JAN and JANTX 
*** Series available as JAN only 


Radiation Tolerant Rectifiers 


TYPE 

r 

OUTPUT 

CURRENT 

PIV 

MAXIMUM 

FORWARD 

VOLTAGE 

SURGE 

CURRENT 

MAXIMUM 

RADIATION 

TOLERANCE 

PACKAGE 

UR105 

lA 

50V 

1.0 @ 0.5A 

20A 

>10'" 

Axial 

URiio : 

lA 

lOOV 

1.0 @ 0.5A 

20A 

>10’‘' 

Axial 

mns ^ 

lA 

150V 

1.0 @ 0.5A 

20A 

>10'" 

Axial 

L)R120 

lA 

200V 

1.0 @ 0.5A 

20A 

>10'" 

Axial 

UR125 ' , 

lA 

250V 

1.0 @ 0.5A 

20A 

>10'" 

Axial 

.. umo5 - 

2A 

50V 

1.0 @ lA 

25A 

>10'" 

Axial 

UfelO c - 

2A 

lOOV 

1.0 @ lA 

25A 

>10'" 

Axial 

mm 

2A 

150V 

1.0 @ lA 

25A 

>10'" 

Axial 

...umza 

2A 

200V 

1.0 @ lA 

25A 

>10'" 

Axial 

UR225 

2A 

250V 

1.0 @ lA 

25A 

>10'" 

Axial 


High Efficiency, Center-Tap Rectifiers and Doublers 


4 -;>-#PE, 


li MAXIMUM 
FORWARD 
VOLTAGE 

. RiVlRSi 
^ RECOVERY 

TIME 

OUTPUT 

CURRENT 

SURGE 

CURRENT 

■ ;:;PAC.KAGi ‘ ^ 


50V 

.930V 




TO-3 

UES2602 

lOOV 

@ 

35ns 

30A 

400A 

TO-3 


150V 

15A 




TO-3 

UES2604 ' 

200V 

1.15V 




TO-3 

UES2605 

300V 

@ 

50ns 

30A 

400A 

TO-3 

UES2606 

400V 

15A 




TO-3 
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MILITARY DESIGNERS' GUIDE 


SWITCHING DIODES 

Low Current 


— ; 

; 

! TTFE ■ ’ 

OUTPUT 

CURRENT 


MAXIMUM 

FORWARD 

VOLTAGE 

REVERSE 

RECOVERY 

TIME 

PACKAGE 

Mlir$ISS©0 

1N251 

14mA 

40V 

l.OV @ 5mA 

30ns 

DO-7 

7188*** 

1N6S2 

40mA 

80V 

l.OV @ 10mA 

500ns 

DO-7 

7256*** 

IN663 

100mA 

80V 

l.OV @ 100mA 

500ns 

DO-7 

7256*** 

imi4 

75mA 

lOOV 

l.OV @ 10mA 

5ns 

DO-35 

7116** 

1N3064 

75mA 

75V 

l.OV @ 10mA 

4ns 

DO-7 

7144** 

IN3G70 

200mA 

200V 

l.OV @ 100mA 

50ns 

DO-35 

/169** 

1N369B 

150mA 

150V 

.80V @ 10mA 

3/iS 

DO-7 

724 1* 

1N3600 

200mA 

75V 

.74V @ 10mA 

4ns 

DO-7 

7231* 

IN4148 

150mA 

lOOV 

l.OV @ 10mA 

5ns 

DO-35 

7116* 

1N41484 

150mA 

lOOV 

l.OV @ 10mA 

5ns 

DO-35 

7116* 

lN4i50-l 

200mA 

75V 

.74V @ 10mA 

4ns 

DO-35 

7231* 

XN4153 

150mA 

75V 

.88V @ 20mA 

4ns 

DO-35 

7337* 

1N4I634 1 

150mA 

75V 

.88V @ 20mA 

4ns 

DO-35 

7337* 

1N4454 1 

200mA 

75V 

l.OV @ 10mA 

4ns 

DO-35 

7144* 

1M44B4-1 

200mA 

75V 

l.OV @ 10mA 

4ns 

DO-35 

7144* 

1IN4500 

300mA 

80V 

.77V @ 20mA 

6ns 

DO-35 

7403* 

1N4531 

125mA 

lOOV 

l.OV @ 10mA 

8ns 

DO-34 

7116* 

1N4532 

125mA 

75V 

l.OV @ 10mA 

4ns 

DO-34 

7144* 

1N4634 

150mA 

75V 

.88V @ 20mA 

4ns 

DO-34 

7337* 

1N4938 

150mA 

250V 

l.OV @ 100mA 

50ns 

DO-7 

7169** 

1N49384 

150mA 

250V 

l.OV @ 100mA 

50ns 

DO-7 

7169** 


* Series available as JAN, JANTX and JANTXV 
** Series available as JAN and JANTX 
*** Series available as JAN only 


SWITCHING REGULATOR POWER OUTPUT CIRCUITS 






FALi-TIME 

ON-STATE 



OUTPUT 

INPUT/OUTPUT 


VOLTAGE 

CURRENT 

VOLT. # CURR. 


TYPE 

CURRENT PK. 

VOiTAGi 

POLARITY 

m 

m 

(V)(i>0) 

PACKAGE 

PIC600 


60V 

Pos. 





piceai 


80V 

Pos. 




4 PIN 

TO-66 

(Isolated) 

PIC602 

PIC610 

PtC611 

5A 

lOOV 

60V 

80V 

Pos. 

Neg. 

Neg. 

75 

150 

1.5 (5) 2 

PiC612 


lOOV 

Neg. 





PIC625 


60V 

Pos. 





FIC626 

PIC627 

PIC635 

PIC636 

15A 

80V 

lOOV 

60V 

80V 

Pos. 

Pos. 

Neg. 

Neg. 

175 

300 

300 

300 

1.5 @ 7 

4 PIN 

TO-66 

(Isolated) 

PfC637 


lOOV 

Neg. 





P1C645 


60V 

Pos. 





PIC646 


80V 

Pos. 

150 

300 



P1C647 

20A 

lOOV 

Pos. 



1.5 @7 

3 PIN 

P1CS65 

60V 

Neg. 



TO-3 

PfC656 


80V 

Neg. 

300 

300 



P1C657 


lOOV 

Neg. 





PIC730 

PIC740 

30A 

30V 

40V 

Pos. 

Pos. 

350 

300 

1.0 @ 20 

3 PIN 

TO-3 

PtCSOO ' 
PIC801 

8A 

350V 

400V 

Pos. 

Pos. 

200 

200 

1.5 @ 5 

4 PIN 

TO-66 

(Isolated) 

PIC810 

P1C811 

8A 

350V 

400V 

Neg. 

Neg. 

200 

200 

1.5 @ 5 

4 PIN 

TO-66 

(Isolated) 
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MILITARY DESIGNERS' GUIDE 


LINEAR INTEGRATED CIRCUITS 

Pulse Width Modulators 
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MILITARY DESIGNERS’ GUIDE 


LINEAR INTEGRATED CIRCUITS (continued) 

Three Terminal Voltage Regulators, Adjustable"^ 


TYPE 

OUTPUT 

CURRENT 

(A> 

P01AR»TY 

REGUUTED OUTPUT VOITAOE * 

(V) 

PACKAGE 

UC117M 




TO-3 

UC217K 

1.5A 

Pos. 

Adjustable from 1.2V to 37V 

TO-3 

UC317K 




TO-3 

UC137K 




TO-3 

UC237K 

1.5A 

Neg. 

Adjustable from -1.2V to -37V 

TO-3 

UC337K 




TO-3 

UC150K 




TO-3 

UC250K 

3.0A 

Pos. 

Adjustable from 1.2V to 33V 

TO-3 

UC350K 




TO-3 


Three Terminal Voltage Regulators, Fixed, Positive"^ 


TYPE 

OUTPUT 

CURRENT 

(A) 

POLARITY 

REGUUtED OUTPUT VOLTAGE i f 

CV) ' 

PACKAGE 

UC7a00AK SERIES 
UC78D0ACK SERIES 

1.5A 

Pos. 

5V ± 1% 

12V ± 1% 

15V ± 1% 

TO-3 

TO-3 

UC7800K SERIES 
UC7800CK SERIES 

1.5A 

Pos. 

1 

5V ± 4% 

12V ± 4% 

15V ± 4% 

TO-3 

TO-3 


Three Terminal Voltage Regulators, Fixed, Negative"'^ 



OUTPUT 

OURRINT 

■yypoi^Tt:/:; 

REGUUTED OUTPUT VOLTAGE 

PACKAGE 


1.5A 

Neg. 

-5V ± 1% 

-12V ± 1% 

-15V ± 1% 

TO-3 

TO-3 

UC7900K SERIES 
. UC7900CK SERIES 

1.5A 

Neg. 

-5V ± 4% 

-12V ± 4% 

-15V ± 4% 



TO-3 

TO-3 


^MIL-STD-883 Screening 

Unitrode offers all of the above devices screened to MIL-STD-883, 
customer requirements, and will perform tests as specified by 
MIL-M-38510. 

When ordering MIL-STD-883 Screening, specify: 

• Prime electrical and military temperature range, generic 
part number and package type 

• Class of 883 screening (class A, B or C) 


MIL-STD-883 Screening Tests 

• Internal Visual Pre or Post Cap 

• Stabilization Bake 

• Temperature Cycling 

• Constant Acceleration 

• Hermeticity 

a) Fine 

b) Gross 

• Pre-Burn-in Electrical Test 

• Burn-in Test 

• Final Electrical Test 

a) DC @ 25‘’C 

b) DC @ Max. and Min. Rated Temperature 

c) Dynamic @ 25®C 

d) Functional @ 25®C 

• Radiographic 

• Qualification and Quality Conformance Testing 

• External Visual 
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MILITARY DESIGNERS' GUIDE 

BRIDGE RECTIFIERS 

40Hz ■ 5kHz 


TYRE 

CONFIGURATIOS n 


RIVERSr'"'"' 

'-"-'^YOLtAGE' - 

srEc^ncATioNi^^'^'"'’ 

/ Wli-S49S(KI 

.469'^ 

469.^ 

Single Phase 

AC 0 <r 0 AC , 

lOA 

200V 

400V 

600V 

Vf@ 15.7A, 1.35V Max. 

Ir @ Vr, 2/jfK Max. 

1 SURGE, 100 A 

7469* 


Single Phase 

AC AC 

25A 

lOOV 

200V 

400V 

600V 

Vf @ 39A, 1.4V Max. 

Ir (5)Vr, 2/iA Max. 

IsURGE, 150A 

7446* 

403-3 

Three Phase 

25A 

200V 

400V 

600V 

Vf @ 39A, 1.3V Max. 

Ir @ Vr, 3fJ^ Max. 

1 SURGE, 150A 

7483** 

AC ^ 

1 1 
O- 

Lac: 

1 

1 




* Series available as JAN and JANTX 
** Series available as JANTX only 


HIGH VOLTAGE DOORBELL^ MODULES 

40Hz - 5kHz 


tyre 

OUTPUT 

CURRENT 

REVERSE . 
VOLTAGE 

mmmm 

mwmt 

CURRENT #Vt;^ 

I^ARO 

' ' <^RilRT 

l«L-$49500 

1N5S97 

lA 

lOkV 

l/iA 

19V @ lA 

30A 


...MBm.......... 

2A 

5kV 

bfjJK 

lOV @ 2A 

80A 

7404* 


5A 

5kV 

bfj/K 

lOV @ 5A 

200A 



Doorbell® is a registered trademark of Unitrode Corporation 
* Series available as JAN only 


SENSISTORS^ 



MIL HURLER 


RTH22ISXXXJ 

MIL-T-23648A79 

Molded, 5% tolerance, 33-lOKO 


MIL-T-23648A79 

Molded, 10% tolerance, 33-lOKQ 


MIL-T-23648A719 

Glass, 5% tolerance, 10-2. 7Kn 

RTH42ESXXXK 

MIL-T-23648A719 

Glass, 10% tolerance, 10-2. 7KO 


Sensistors® is a registered trademark of Unitrode Corporation 


POWER MOSFETS 

N-Channel 


TYPE 

. Vos . ) . ^ 

;'7.v ' s’ 


. te Continuous 
Grain Currant 

' ' ' Mm . 

'»(ii ^ 

Drain > - 

Cwfrent 

PPMAX 
’'7'";' Powor '' 

' Dls^ll^loii 

Mil.$495O0 

100*c 

Caso 

■ 

zHwm “ 

100 

0.18 

9 

14 

56 

75 

7542A 

2N6700, ' 

200 

0.4 

6 

9 

36 

75 

7542A 

2N6760 

400 

1.0 

3.5 

5.5 

22 

75 

7542A 

2N67§a 

500 

1.5 

3.0 

4.5 

18 

75 

7542A 

. 2N67^''i'. 

100 

0.055 

24 

38 

152 

150 

7543A 

2N676e;, 

200 

0.085 

19 

30 

120 

150 

7543A 

2N67ea ' 

400 

0.3 

9 

14 

56 

150 

7543A 

2N6670, 

500 

0.4 

7.75 

12 

48 

150 

7543A 


* Series available as JAN, JANTX and JANTXV. 
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MILITARY DESIGNERS' GUIDE 

NPN POWER SWITCHING TRANSISTORS 


TVPi 

MAXIMUM 

OOllECTOR 

CURRENT 

, VcSO<»u*) 

(V) 

MINIMUM 
hn # Ic (A) 

MAXIMUM 
vmm # iv (A) 

MAXIMUM 
f ALLTIME Ctf) 

PACKAGE 

MIL«S49S00 

2N5660 

2A 

200V 

40 @ .5A 

.4V @ lA 

0.4//S 

TO-66 

/454* 

aN5661 

2A 

300V 

25 @ .5A 

.4V @ lA 

0.6/iS 

TO-66 

/454 

aN5662 

2A 

200V 

40 @ .5A 

.4V @ lA 

0.4/iS 

TO-5 

7454 

. 2m§m 

2A 

300V 

25 @ .5A 

.4V @ lA 

O.S/js 

TO-6 

7454 

2N34'18 

3A 

60V 

20(§)1A 

.5V @ 2A 

1.2/ws 

TO-5 

7393* 

‘ 2mm 

3A 

80V 

20 @ lA 

.5V @ 2A 

1.2fjs 

TO-5 

7393 

tnum 

3A 

60V 

40@ lA 

.5V @ 2A 

1.2fjs 

TO-5 

7393 

zmm 

3A 

80V 

40 @ lA 

.5V @ 2A 

1.2/js 

TO-5 

7393 

2N21S1 

5A 

80V 

40(§) lA 

l.OV @ lA 

— 

TO-59 

7277** 

2N28aO 

5A 

80V 

40(§) lA 

.25V @ lA 

Q.3/JS 

TO-59 

7315* 

2N3749 

5A 

80V 

40 @ lA 

.25V @ lA 

0.3yUS 

TO-111 

7315 

2N3996 

5A 

80V 

40 @ lA 

.25V @ lA 

O.S/js 

TO-111 

7374* 

2N3997 

5A 

80V 

80 @ lA 

.25V @ lA 

l.O/js 

TO-111 

7374 

2N399a 

5A 

80V 

40 @ lA 

.25V @ lA 

0.8fjs 

TO-59 

7374 

2N3999 

5A 

80V 

80 @ lA 

.25V @ lA 

l.Ofjs 

TO-59 

7374 

2N6664 

5A 

200V 

40 @ lA 

.4V (§)3A 

O.S/js 

TO-66 

7455* 

2N5663 

5A 

300V 

25 @ lA 

.4V @3A 

l.Ofjs 

TO-66 

7455 

2N566e 

5A 

200V 

40 @ lA 

.4V @3A 

0.8/iS 

TO-5 

7455 

2N5667 j 

5A 

300V 

25 @ lA 

.4V @3A 

l.Ofjs 

TO-5 

7455 

2N6306 

8A 

250V 

15(§)3A 

0.8V @ 3 A 

O.Afis 

TO-3 

7498 

2N6308 

8A 

350V 

12(s)3A 

1.5V(§)3A 

O.Afjs 

TO-3 

7498 

2N6544 

8A 

300V 

7 @5A 

1.5V @ 3A 

0.9fjs 

TO-3 

N7A 

UMTXODS 

8A 

300V 

7 @5A 

1.5V @ 3 A 

0.4//S 1 

TO-3 

N7A 

imus 

8A 

400V 

7@5A 

1.5V @ 5A 

0.9fjs 

TO-3 

N7A 

UMT1009 

8A 

400V 

7 @5A 

1.5V @ 5A 

0.4//S 

TO-3 

N7A 

2N4150 1 

lOA 

70V 

10 @ lOA 

0.6V @ 5A 

0.4yUS 

TO-5 

7394* 

2M6354 1 

lOA 

120V 

10 @ lOA 

l.OV @ lOA 

0.2/iS 

TO-3 

N7A 

2N6496 . 

15A 

lOOV 

12(g)8A 

l.OV @ 8A 

0.3fjs 

TO-3 

N7A 

2N6546 

15A 

300V 

12 @ 5A 

1.5V (§) lOA 

0.7fis 

TO-3 

7525 

2N6547 

15A 

400V 

12(§)5A 

1.5V @ lOA 

0.7fjs 

TO-3 

7525 

2N5038 

20A 

90V 

20 @ 12A 

1.2V @ 12A 

O.bfis 

TO-3 

7439* 

2N5039 

20A 

75V 

20 @ lOA 

l.OV @ 10 A 

0.5fjs 

TO-3 

7439 

2N5671 

30A 

90V 

20 @ 15A 

0.75V @ 15A 

0.5/iS 

TO-3 

N7A 

2N5672 1 

30A 1 

120V 

20 @ 15A 

0.75V @ 15A 

0.5/iS 

TO-3 

N7A 


* Series available as JAN, JANTX and JANTXV 
** Series available as JAN and JANTX 


POWER DARLINGTONS 


TYPE 

D C. COLLECTOR 
CURRENT 


MINIMUM 

hff^EA 

PACKAGE 

MI^S49900 

2N6a50 

5A 

80V 

2000 

TO-33 

7472** 

- 2N6-3ai 

5A 

150 V 

1000 

TO-33 

7472 

2N6362 1 

5A 

80V 

2000 

TO-66 

7472 

2N6353 

5A 

150 V 

1000 

TO-66 

7472 


** Series available as JAN and JANTX 


PROGRAMMABLE UNIJUNCTION TRANSISTORS 





7..;7cu^iiNt'v;---7;’ 

PACKAGE ^ 

MIL-S-mOO 


40V 

2fjA (§) Rg = IMEGO 

1.5mA (§) Rg = 2000 

TO-18 

7493* 


* Available as JAN, JANTX and JANTXV 
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MILITARY DESIGNERS’ GUIDE 

POWER ZENERS AND TRANSIENT SUPPRESSORS 



, AVERAM 

: O.C. 

;; 

7 mtmomn 
miAal 
. nmm 

PEAK 

PAOCASi 

MtlSlSSOO 


1.5W 

6.8V-200V 

140W 

Axial 

/406* 


2.5W 

5.6V-54V 

500W 

Axial 

/551* 

' '1N$?#69' 

5.0W 

5.6V-6.2V 

■ 

900W 

Axial 

/356* 

, .iNw’^ge ; . j 

5.0W 

6.8V-390V 

900W 

Axial 

/356* 

iN^i^l3<TY^ 1 

6.0W 

33V-191V 

1500W 

Axial 

/434* 

. UZ7,7#7110:-: i 

low 

6.8V-100V 

2000W 

Stud Mount 

N/A 


* Series available as JAN, JANTX and JANTXV 


THYRISTORS 

Silicon Control Rectifiers 


TYPE 

o.c. 

'ON STATE 4 
CURRENT t 


MAXIMMW.' 

^MAXIMUM 

PACiCASE ; 


2N3027 ' 

0.5A 

30V 

20fjA 

0.6V 

TO-18 

/419** 

. 2N3028 . 

0.5A 

60V 

20M 

0.6V 

TO-18 

7419 

.2N3029 

0.5A 

lOOV 

20/jA 

0.6V 

TO-18 

7419 

' 2N3030 ' 

0.5A 

30V 

20/iA 

0.6V 

TO-18 

7419 

2N3031 

0.5A 

60V 

20/iA 

0.6V 

TO-18 

7419 

2N3032 

0.5A 

lOOV 

20//A 

0.6V 

TO-18 

7419 

2N1870A 

1.25A 

30V 

200/uA 

0.8V 

TO-9 

7198*** 

2N1871A 

1.25A 

60V 

200/jA 

0.8V 

TO-9 

7198 

2N1872A 

1.25 A 

lOOV 

200fjA 

0.8V 

TO-9 i 

7198 

2N1873A ■ 

1.25A 

150 V 

200fjA 

0.8V 

TO-9 ! 

N7A 

2N1874A 1 

1.25A 

200V i 

200^ 

0.8V 

TO-9 i 

7198 

2N2323ASt " 

1.6A 

50V 

20/jA 

0.6V 

TO-39 

7276* 

2N2324ASt ^ 

1.6A 

lOOV 1 

20/jA \ 

0.6V 

TO-39 

7276 

2N2325A - i 

1.6A 

150V 1 

20/iA 

0.6V 

TO-39 

N7A 

2N2326A$t 

1.6A 

200V 1 

20/iA 

0.6V 

TO-39 

7276 

2N2327A j 

1.6A 

250V 

20//A 

0.6V 

TO-39 

N7A 

2N2328ASt . 

1.6A 

300V 

20/iA 

0.6V 

TO-39 

7276 

' 2N2$29 " ^ 1 

1.6A 

400V 

20/iA 

0.6V 

TO-39 

7276 


♦ Series available as JAN, JANTX and JANTXV 
** Series available as JAN and JANTX 
*** Series available as JAN only 
t Available in "A” and non “A” versions 


Ultra Fast Switching 


,.,;,4TYPE. 



.RISE' 

'.TIME 


'^"'./'PA^P; 

■ ■’ GA2i»:' ; ' 

0.4A 

60V 

25ns 

2.0/iS 

TO-18 

; ■ ■■ GA2&1 ■ 

0.4A 

lOOV 

20ns 

2.0/iS 

TO-18 


6A 

60V 

25ns 

2.0/iS 

TO-59 

• SB20i ■ 

6A 

lOOV 

20ns 

2.0/iS 

TO-59 


Radiation Resistant 


- TYPE 



■^-1 »®»t 

MAXIMUM 

PACRASE 

GAIOO 

0.4A 

30V 

20mA 

1.5V i 

TO-18 

' OAioi ' 

@ 

60V 

20mA 

1.5V 

TO-18 

GAlOa , : ' 1 

Tc = lOO^C 

80V 

20mA 

1.5V 

TO-18 


t Post 3x10'" NVT 
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LINEAR INTEGRATED CIRCUITS 

Pulse Width Modulators 


PRODUCT SELECTION GUIDE 
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LINEAR INTEGRATED CIRCUITS product selection guide 


Power Supply Support Functions 


nm 1 ' 

DEScaiPTroi^ 

■ ' ■ ■; key features ■ 

PACKAOi 

'UC1S43/2M3/3543 
' UC1544/aS44/3544 - 

' '' ' ' ' 

Power Supply 

Supervisory Circuit, 
Monitors and Controls 
Power Supply Output 

• Over/Under-Voltage, and Current Sensing Circuits 

• Programmable Time Delays 

• SCR “Crowbar" Drive of 300mA 

• Optional Over-Voltage Latch 

• Internal 1% Accurate Reference 

• Remote Activation Capability 

• Uncommitted Comparator 

• Inputs for Low Voltage Sensing (UC1544 series only) 

16 Pin 

DIL 

(1543 Series) 

18 Pin 

DIL 

(1544 series) 

UC1706/2706/3706 

■ ' \ 

Dual High Current 
MOSFET Compatible 
Output Driver 

• Dual, 1.5A, Totem Pole Outputs 

• Parallel or Push-Pull Operations 

• Single-Ended to Push-Pull Conversion 

• Internal Overlap Protection 

• Analog, Latched Shutdown 

• High-Speed, Power MOSFET Compatible 

• Thermal Shutdown Protection 

• 5 to 40V Operation 

• Low Quiescent Current 

16 Pin 

DIL 

;UCl834/2S34/3834 

High Efficiency 

Linear Regulator, 
i Low Input-Output 

1 Differential 

- 

• Minimum Vin— Vout less than 0.5V at 5A Load 
with External Pass Device 

• Equally Usable for either Positive 
or Negative Regulator Design 

• Adjustable Low Threshold Current Sense Amplifier 

• Under- and Over-Voltage Fault Alert with 

Programmable Delay 

• Over-Voltage Fault Latch with 100mA 

Crowbar Drive Output 

16 Pin 

DIL 

UC190l/2$01/3901 

Isolated Feedback 
Generator 

Stable and Reliable 
Alternative to an 

Optical Coupler 

• An Amplitude-Modulation System for Transformer 
Coupling an Isolated Feedback Error Signal 

• Internal 1% Reference and Error Amplifier 

• Loop Status Monitor 

• Low-Cost Alternative to Optical Couplers 

• Internal Carrier Oscillator Usable to 5MHz 

• Modulator Synchronizable to an External Clock 

14 Pin 

DIL 

UC1903/2903/3903 

Quad Supply and 

Line Monitor 

Precision System 

• Monitor Four Power Supply Output Voltage Levels 

• Both Over- and Urider-Voltage Indicators 

• Internal Inverter for Negative Level Sense 

• Adjustable Fault Window 

• Additional Input for Early Line Fault Sense 

• On Chip, High-Current General Purpose OP-AMP 

18 Pin 

DIL 


Functional Circuit 



msmmm 

KiYFEATUtiS : 

PACKAGE 

UC1704/3704 

Bridge 

Transducer 

Switch 

1 

• Dual Matched Current Sources 

• High-Gain Differential Sensing Circuit 

• Wide Common-Mode Input Capability 

• Complimentary Digital Open-Collector Outputs 

• Externally Programmable Time Delay 

• Optional Output Latch with Reset 

• Built-in Diagnostic Activation 

• Wide Supply Voltage Range 

• High Current Heater Power Source Driver 

16 Pin 

DIL 
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LINEAR INTEGRATED CIRCUITS 

Voltage Regulators 


PRODUCT SELECTION GUIDE 


Three Terminal Voltage Regulators, Adjustable 


TYFi 

OUTPUT 

CURRmT 

m 

POLARITY 

REGUIATEO OUTPUT VOLTAGE 
(V) 

PACKAOl 

UC117K/iM117K 




TO-3 

UG217K/LM217K 

1.5A 

Pos. 

Adjustable from 1.2V to 37V 

TO-3 

^ ^UC3i7K/llVl317K 




TO-3 

UCl37K/iM137K 




TO-3 

UC237K/IM237K 

1.5A 

Neg. 

Adjustable from -1.2V to -37V 

TO-3 

*UC337K/LIVf337K 




TO-3 

UCi50K/lM150K 




TO-3 

UG250K/LM250K 

3.0A 

Pos. 

Adjustable from 1.2V to 33V 

TO-3 

*^UC350K/IM350K 




TO-3 


Three Terminal Voltage Regulators, Fixed, Positive 


TYPE 

OUTPUT 

OURRENT 

(A) 

POLARITY 

REGUIMOoWPUT VOLTAGE 

PAOKAGI 

UCraOOAK/LMWDAK SERIES 
♦ UG7800ACK/LM340AR SERIES 

1.5A 

Pos. 

5V ± 1% 

12V ± 1% 

15V ± 1% 

TO-3 

TO-3 

. UC7800K/LM140K SERIES 

*UC7800CK/LM340K SERIES 

1.5A 

Pos. 

5V ± 4% 

12V ± 4% 

15V ± 4% 

TO-3 

TO-3 


Three Terminal Voltage Regulators, Fixed, Negative 


TYPE 

OUTPUT 

OURRENT 

(A) 

POLARITY 

REGULATED OUTI^TmTAGE 

paorage 

UC7900AK/LM120K SERIES 

1.5A 

Neg. 

-5V ± 1% 

-12V ± 1% 

-15V ± 1% 

TO-3 

*UC7900ACK SERIES 

TO-3 

UG7900K SERIES 
^UC7900CK/tM320K SERIES 

1.5A 

Neg. 

-5V ± 4% 

-12V ± 4% 

-15V ± 4% 

TO-3 

TO-3 


* Also available in TO-220 package. 
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LINEAR INTEGRATED CIRCUITS 


PRODUCT SELECTION GUIDE 


Motor Control Circuits 


TYPE 

DKCRIPTION 

KEYFEATURiS 


‘ m2 ■ : 

2A, 36V, 30KHZ, 

H-Bridge Motor Driver 

• External Loop Adjustment 

• Single Power Supply (18-36V) 

• Input Signal Symmetric to Ground 

• Thermal Protection 

15 Pin 

Power SIP 

L29'3/293E 

Four Channel 

Push-Pull Drivers 
for Inductive Loads 

• lA Output per Channel (2A peak non-repetitive) 

• Supply Voltage to 36V 

• Inhibiting Facility 

• Thermal Protection 

• High Noise Immunity 

• E-Version Provides for External 

Emitter Sense Resistors 

• Compatible with Standard TTL Logic Inputs 

L293 

16 Pin 

“Batwing” Dip 

L293E 

20 Pin 

“Batwing” Dip 

1295 

Dual PWM Solenoid 

Driver and 

Stepper Motor Driver 

• 3 A Peak Current Per Driver 

• Supply Voltage to 40V 

• Current Limiting 

• Thermal Protection 

• Compatible with Standard TTL Logic Inputs 

15 Pin 

Power SIP 

UC1637/2637/3637 

Switched Mode 

Controller for 

DC Motor Drive 

• Single or Dual Supply Operation 

• ± 2.5 to ± 20V Input Supply Range 

• ± 5% Initial Oscillator Accuracy: 

± 10% Over Temperature 

• Pulse-by-Pulse Current Limiting 

• Under-Voltage Lockout 

• Uncommitted PWM Comparators for 

Design Flexibility 

18 Pin 

Dip 

U0I717/UC3717 

Stepper Motor 

Drive Circuit 

• Half- Step and Full-Step Mode 

• Bipolar Constant Current Chopper Drive 

• Built-In Protection Diodes (Schottky) 

• Wipe Range of Current Control 5-lOOOmA 

• Wide Voltage Range 10-45V 

• Designed for Unregulated Motor 

Supply Voltage 

• Thermal Overload Protection 

16 Pin 

Dip 


Note: U2TA506, 8 & 10 and U2TA606, 8 & 10 TO-92 Darlingtons are appropriate for driving DC brushless motors and other inductive loads. 


USA 
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LINEAR INTEGRATED CIRCUITS 

Switchmode Driver for DC Motors 


L292 


FEATURES 

• Driving capability; 2A, 36V, 30KHz 

• Two logic chip enable inputs 

• External loop gain adjustment 

• Single power supply (18 to 36V) 

• Input signal symmetric to ground 

• Thermal protection 


DESCRIPTION 

The L292 is a monlithic LSI circuit in a 15-lead Multiwatt® package. It is intended to 
drive DC motors controlling positioning devices such as used in typewriters, printers, 
plotters and other computer peripherals. 

The device contains a level shifter, triangle waveform oscillator, error amplifier, PWM 
comparator, current sensing amplifier, H-bridge output stage with a 2A, 36V driving 
capability and two output enable inputs. Protection circuitry includes under-voltage 
output inhibit and thermal protection. 


ABSOLUTE MAXIMUM RATINGS 


Power Supply, Vs 36V 

Input Voltage, Vi -15 to +VsV 

Inhibit Voltage, Vinhibit 0 to VsV 

Output Current, lo 2.5A 

Total Power Dissipation (Tease = 75°C) 25W 

Storage and Junction Temperature, Tstg -40 to +150°C 

Thermal Resistance Junction-Case, ^jc 3°C/W 


THERMAL DATA 

Thermal Resistance Junction-Case, ^jc 3°C/W max 


BLOCK DIAGRAM 



- Ct 
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L292 


MECHANICAL DATA 


CONNECTION DIAGRAM 




MOTOR 
- Rs2 

INHIBIT(CEl) 

. INHIBIT(CE2) 
OSCILL(R) 

. OSCILL(C) 
OUTPUT(ERR. AMPL.) 
. GND 

INPUT (ERR. AMPL.) 

I INPUT (LEVEL SHIFT) 
OUTPUT C.S.A. 

. COMP. INPUT 
+Vs 
. Rsl 
MOTOR 


ELECTRICAL CHARACTERISTICS (Ta = 25‘’C; W = 20KHz unless otherwise specified) 


PARAMETER 

SYMBOL 

TEST CONDITIONS 

MIN. 

TYP. 

MAX. 

UNITS 

Supply Voltage 

Vs 


18 


36 

V 

Quiescent Drain Current 

Id 

Vs = 20V (offset null) 


30 

50 

mA 

Input Offset Voltage (Pin 6) 

Vos 

Vs = 36V, Io = 0 



±350 

mV 

Inhibit Input Voltage (Pin 12, 13) 

Vjnh. L 




2 

V 

Vinh. H 


3.2 



V 

Inhibit Input Current 

linh. L 

Vinh. (L) = 0.4V 



-100 

/iA 

linh. H 

Vinh. (H) = 3.2V 



10 


Input Current (Pin 6) 

1} 


Vi = -8.8V 



-1.8 

mA 



Vi = +8.8V 



0.5 

mA 

Input Voltage (Pin 6) 

Vi 

Rsi = Rs 2 = 0.2n 

< 

Csl 

II 

_o 


9.1 


V 


< 

<M 

1 

II 

_p 


-9.1 


V 

Output Current 

io 

V| ± 9.8V. Rsi = Rs 2 = 0.2Q 

±2 



A 

Total Drop Out Voltage 

Vd 

(including sensing resistors) 

< 

CM 

II 

_o 



5 

V 

o 

II 

> 



3.5 

V 

Sensing Resistor Voltage Drop 

Vrs 

Tj = ISO^C, Io = 2A 



0.44 

V 

Transconductance 

Io 

Rsi = Rs 2 = 0.2n 

220 

240 

260 

mA/V 

"vT 

Rsi = Rs 2 = 0.4Q 


120 


mA/V 

1 

Frequency Range (Pin 10) 

fosc 


1 


30 

KHz 


TRUTH TABLE 


Vinhibit 

Output Stage 

Condition 

Pin 12 

Pin 13 

L 

L 

Disabled 

L 

H 

Normal Operation 

H 

L 

Disabled 

H 1 

H 

Disabled 


U.S A 
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L292 


FUNCTIONAL DESCRIPTION 

The error signal input has been designed to accept a bidirectional 
error signal symmetrical to ground. The level shifter converts the 
± error signal into a single positive signal with the aid of an 
internally generated 8V reference. This same reference voltage 
supplies the triangle wave oscillator whose frequency is fixed by 
the external RC network (Rt, Ct - pins 11 and 10) where: 

1 

fosc = (with R > 8.2Kn) 

2RC 

The oscillator determines the switching frequency of the output 
stage and should be in the range 1 to 30KHz. 

Motor current is regulated by an internal loop in the L292 which is 
performed by the resistors Rsi , Rsa and the differential current 
sense amplifier, the output of which is filtered by an external RC 
network and fed back to the error amplifier. 

The choice of the external components in this RC network (pins 5, 
7, 9) is determined by the motor type and the bandwidth require- 
ments. The values shown in the diagram are fora 5fi, 5mH motor. 
(See L292 Transfer Function Calculation in Application Informa- 
tion). 

The error signal obtained by the addition of the input and the 
current feedback signals (pin 7) is used to pulse width modulate 
the oscillator signal by means of the comparator. The pulse width 
modulated signal controls the dutycycleoftheH-bridge to give an 
output current corresponding to the L292 input signal. 

The interval between one side of the bridge switching off and the 
other switching on, r, is programmed by Ct in conjunction with an 
internal resistor Rr. 

This can be found from: 

r = Rt • CpiN 10 (Ct in the diagram) 

Since Rt is approximately 1.5 KQ and the recommended T to 
avoid simultaneous conduction is 2.5/iS, Cpin io should be 
around 1.5nF. 

The current sense resistors Rsi and Rsi should be high precision 
types (maximum tolerance ±2%) and the recommended value is 
given by: 

Rmax ' Io max ^ 0.44V 


It is possible to synchronize two L292s, if desired, using the 
network shown in Figure 1. 


1 L292 4| 1 

L 10 11 

1 1 — 14 L292 

10 1 

1 


iqokn j 




FLOAT ' 




>R 

1 

>R 

f 


ZC 


J 

L 

_ 

_ 

_ 


Figure 1. 


Finally, two enable inputs are provided on the L292 (pins 12 and 
13-active low and high respectively). Thus the output stage may 
be inhibited by taking pin 12 high or by taking pin 13 low. The 
output will also be inhibited if the supply voltage falls below 18V. 

The enable inputs were implemented in this way because they are 
intended to be driven directly by a microprocessor. Currently 
available microprocessors may generate spikes as high as 1.5V 
during power-up. These inputs may be used fora variety of appli- 
cations such as motor inhibit during reset of the logical system 
and power-on reset (see Figure 2). 


L292 

CE2 CEl 


Jh-AA/ — O 

I 


Figure 2. 
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L292 


APPLICATION INFORMATION 



~ C7 


Figure 3. 


The schematic diagram used for the Laplace analysis of the 
system is shown in Figure 4. 



Im = Motor current 


Gmo = 1 (DC transfer function from the input of the comparator (Vth) to the motor current (Im))- 

Vth s = 0 


Figure 4. 
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L292 


APPLICATION INFORMATION (continued) 


Neglecting the Vce sat of the bridge transistor and the Vbe of the 
diodes: 

2Vs where: Vs = supply voltage (1) 

Gmo “ 

Rm Vr Vr = 8V (reference voltage) 

DC Transfer Function 

In order to be sure that the current loop is stable the following 
condition is imposed: 

Lm 

1 + sRC = 1 s (pole cancellation) (2) 

Rm 

Lm 

from which RC = (Note that in practice 

R must be greater than 5.6KQ) 

The transfer function is then, (3) 

Im , ^ R 2 R 4 ^ 1 +sRfCf 

(S) ^ ^mo 9 

Vi R1R3 GmoRs s R4C + S RfCfR 4C 

In DC condition, this is reduced to 

Im R2R4 1 0.048 A 

— (o) = = [ ] 

Vi R1R3 Rs Rs V 


Open-Loop Gain and Stability Criterion 

For RC = Lm/Rm, the open loop gain is: (5) 

1 Rs Rf Gmo Rs 1 

A/3 — * Gmo ~ 

sRfC R4 1 + sRfCf R4C s (1 + sRfCf) 

In order to achieve good stability, the phase margin must be 
greater than 45®C when | A/3| = 1. 


1 

That means that, at fF = , 

27rRFCF 

(see Figure 5), that is; 


I A/3| must be < 1 


|A/8|f = 


1 

27rRFCF 


GmoRs RrCf ^ ^ 
R4C \/2 


( 6 ) 


Im 

— (s) = 
Vi 


0.048 


2SO)o 


1 + 


where: CJo 


where: 


V 


2^s 

CJo 


(7) 


0)1 


GmoRs 
R4C RfCf 


is the cutoff frequency 


R4C 


4 RfCf Gmo Rs 


is the damping factor 


By choosing the f value, it is possible to determine the system 
response to an input step signal. Examples: 

1) = 1 from which 


0.048 
Im (t) = [1 ■ 


2 RfCf 


(1 


Rs 4 RfCf 

(where Vj is the amplitude of the input step). 


)]-Vi 


2) ^ = -j= from which 
V2 

0.048 

Im (t) = — (1 - cos 


2RfCf 


)Vi 


From Figure 7 it is possible to verify that the L292 works in 
“closed-loop” conditions during the entire motor current rise- 
time: the voltage qt pin 7 (inverting input of the error amplifier is 
locked to the reference voltage Vr, present at the non-inverting 
input of the same amplifier. 

The previous linear analysis is correct for this example. 

Decreasing the ^ value, the rise-time of the current decreases. But 
for a good stability, from relationship (6), the minimum value of ^ 
is: 


1 


(phase margin = 45°) 



Figure 5. Open-Loop Frequency Response 


Closed- Loop System Step Response 
a) Small-signals analysis 

The transfer function (3) can be written as follows: 



Figure 6. Small Signal Step Response 

(Normalized Amplitude vs t/R^Cp) 
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L292 


APPLICATION INFORMATION (continued) 



V7 = 200mV/cliv. 
Im = lOOmA/div. 
t = 100/us/div. 
with Vi = 1.5 Vp. 


Figure 7. Motor Current and Pin 7 Voltage Waveforms 

(Application of Figure 3). Small Signal Response 


b) Large signal response 

The large step signal response is limited by slew-rate and induc- 
tive load. In this case, during the rise-time of the motor current, 
the L292 works in open-loop condition, as can be seen from Figure 
8. 



V 7 = IV/div 
Im = 0 5A/div 
t = 500/is/div 


Figure 8. Motor Current and Pin 7 Voltage Waveforms 

(Application of Figure 3). Large Signal Response 

The voltage at pin 7 (inverting input of the error amplifier) departs 
from the reference voltage Vr present at the non-inverting input 
and the feedback loop is open. 

The feedback loop is on when the motor current reaches its 
steady-state value (2A). 


The cutoff frequency is derived from expression (9) by putting 


Im 


Vi 

from which: 
0.9 


= 0.707 • 


0.048 


-(-3dB); 


0)7 = 


RfCf 


fT = - 


0.9 


( 10 ) 


277-RfCf 


Note that Rf must be less than 1.5KO in order to have the maxi- 
mum current swing at the output of current sensing amplifier. 

Working Frequency and Motor Current Ripple 

For a value of rotation speed O) the e.m.f. E is equal to KeW, where 
Ke is the motor speed constant. 

Neglecting the motor resistance Rm, the VcEsat of the bridge 
transistors and the Vbe of the diodes, we have: 


Ati = 

AIm 

• Lm 

< 

(0 

1 

m 

At2 = 

AIm 

" Lm 

Vs + E 


Lm (transistors conduction period) 


Lm (diodes conduction period) 


( 11 ) 


Where AIm is the current ripple in the motor (see Figure 9). 
The working frequency is: 

1 


f = 


= Ati = At2 


( 12 ) 


2 RtCt 

where Rt is the resistance at pin 11 and Ct the capacitor at pin 10. 
Rt must be >8.2Kn due totheoutputcurrentcapabilityat pin 11. 

If we consider E = 0 (A) = 0; motor stopped) we have: 

AIm 


Ati = At2 = 


■ Lm 


(13) 


from this formula we can write 


AIm = 


( — = Ati =At2 = 
2 


half period) (13 bis) 


JL 

Lm 2 

The motor current ripple AIm must be limited in order to reduce 
dissipation in the motor and the peak output current of the L292. 

AlMmax should be less than 10% of iMmax (see Figure 9). 



Closed Loop System Bandwidth 

A good choice for ^ is the value \l\f 2 . In this case: 


Im 


(s) = 


0.048 


1 + s RfCf 


1 + 2s RfCf + 2s^ Rf^Cf^ 


Vi Rs 

The module of the transfer function is: 

Im 0.048 2\/l + 0)^ Rf^Cf^ 


( 8 ) 

(9) 


Vi 


V[ (1 + 26; RfCf)" + 1] • [ (1 - 2w RfCf)^ + 1] 


From the equation (13 bis) and considering AIm = 0.1 Im max we 
have: 

Vs 

0.1 iMmax - (14) 

2f LMmin 

from which: 

5 Vs 

LMmin ” I" (15) 

f iMmax 
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L292 


The switching characteristics of the L292 demand that the work- 
ing frequency f is less than 30KHz. 

If for f = 30KHz, Lm is less than iMmin, an external inductor should 
be put in series with the motor. 

From relationship (15) we have: 

5 Vs 

l-series “ Lm (16) 

f iMmax 


Deadtime 

A problem associated with the system used in the L292 is the 
danger of simultaneous conduction in both legs of the output 
bridge which, if it were allowed to occur would damage them. To 
overcome this the comparator that drives the final stage in effect 
consists of two separate comparators (Figure 10): both receive 
the same Vt signal but on opposite inputs. The other two inputs are 
driven by Vth shifted by plusor minus R 7 I'. This voltage shift when 
compared with Vt results in a delay in switching from one compar- 
ator to the other. In this way there will always be a delay between 
switching off one leg of the bridge and switching on the other. The 
delay r is a function of the integrated resistor R7 (1.5K) and an 
external capacitor Ct connected to pin 10 which also fixes oscilla- 
tor frequency. 

It is: T - R7CT 

In a typical application, a capacitor of 1.5nF is used to give a 
switching delay of 2.25/ws, a more than adequate time when you 
consider that the switch-off delay of the integrated transistors is 
only 0.5//S. 



Figure 10. L292 Deadtime Control 


Efficiency and Power Dissipation 

The expression for the bridge efficiency, independently of the 
losses due to the switching times and neglecting the dissipation 
due to the motor current ripple, is: 


ri = l 


Ati 

Ati + At2 


Vsat At2 

Vs Ati + At2 


Vover 

Vs 


where 


Vover = 2V (2Vbe + RsIM) 

Vsat = 4V (2Vce sat + 3Vbe) 

Ati = transistors conduction period. 
At2 = diodes conduction period. 


If Ati » At2 and Vs = 20V, we obtain: 


(17) 


4 

n=l =80% (18) 

20 

In practice, the efficiency will be slightly lower due to the signal 
circuit dissipation (IW @ 20V) and the finite switching times 
(about IW). If we transfer to the motor a power of 40W the bridge 
power dissipation from (18) is lOW and the total dissipation is 
12W. This is an actual efficiency of 77%. Considering a maximum 
dissipation equal to 20W for the L292 (Multiwatt package), it is 
possible to handle continuous powers greater than 60W. 


EXAMPLE 


a) Data 


b) Calculation 


— Motor characteristics: Lm = 5mH 

Rm = 5fi 
Lm/Rm = 1msec 

— Voltage and current characteristics: 

Vs = 20V Im = 2A Vi = 8.3V 

— Closed loop bandwidth: 3kHz. 


— From relationship (4): 


Rs = 


0.048 

Im 


Vi = 0.2fi 


and from (1): 

2Vs 


Gmo “ ' 


-Ifi-' 


RmVr 

— RC = 1msec [from expression (2)]. 

— Assuming f = l/\/2: from (7) follows: 

, 1 400 C 

^ ” 2 ~ 4 RfCf • 0.2 
The cutoff frequency is: 


143 • 10 
RfCf 


= 3kHz 


c) Summarizing — RC = 1 • 10 ^ sec 
1000 C 

= 1 

RfCf 


C = 47nF 
R =22KQ 


— RfCf — 47//S 


For Rf 


Cf 


5100 - 
92nF 
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LINEAR INTEGRATED CIRCUITS 

Push-Pull Four Channel Driver 


L293 

L293E 


FEATURES 

• Output current lA per channel 

• Peak output current 2A per channel 
(non repetitive) 

• Inhibit facility 

• High noise immunity 

• Separate logic supply 

• Over-temperature protection 


DESCRIPTION 

The L293 and L293E are quad push-pull drivers capable of delivering output currents to 
lA per channel. Each channel is controlled by a TTL-compatible logic input and each 
pair of drivers (a full bridge) is equipped with an inhibit input which turns off all four 
transistors. A separate supply input is provided for the logic so that it may be run off a 
lower voltage to reduce dissipation. 

Additionally the L293E has external connections to the lower emitter of each driver, 
permitting the connection of sensing resistors, for switchmode control. 

The L293 and L293E are packaged in 16 and 20-pin plastic DIPs respectively; both use the 
four center pins to conduct heat to the printed circuit boards. 


ABSOLUTE MAXIMUM RATINGS 


Collector Supply Voltage, Vc 36V 

Logic Supply Voltage, Vss 36V 

Input Voltage, Vi 7V 

Inhibit Voltage, Vmh. 7V 

Peak Output Current (Non-Repetitive), lout 2A 

Total Power Dissipation at Tground-pins = 80®C, Ptot 5W 


Storage and Junction Temperature, Tstg, Tj -40 to +150®C 


THERMAL DATA 

Thermal Resistance Junction-Case, 0jc 14°C/W max 

Thermal Resistance Junction-Ambient, ^ja 80°C/W max 

ORDERING NUMBERS 

L293B (16 leads) 

L293E (20 leads) 


CONNECTION DIAGRAM 

DIL-16 (TOP VIEW) 



BLOCK DIAGRAM 



CONNECTION DIAGRAM 



DIL-20 (TOP VIEW) 
^ N PACKAGE 

Vss 

INPUT4 

OUTPUT 4 

SENSE 4 

GND 

GND 

SENSE 3 

OUTPUTS 

INPUTS 

CHIP INHIBIT 2 


BLOCK DIAGRAM 



12/83 
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MECHANICAL DATA 




ELECTRICAL CHARACTERISTICS (For each channel, Vs = 24V, Vss = 5V, Tamb = 25^0, unless otherwise specified) 


PARAMETER 

SYMBOL 

TEST CONDITIONS 

MIN. 

TYP. 

MAX. 

UNITS 

Collector Supply Voltage 

Vc 




36 

V 

Logic Supply Voltage 

Vss 


4.5 


36 

V 

Collector Supply Current 

Ic 

Vi = L, lo = 0, Vinh. = H 


2 

6 

mA 

Vi = H, lo = 0, Vinh. =H 


16 

24 

Vinh. = L 



4 

Total Quiescent Logic Supply Current 

Iss 

Vi = L, lo = 0, Vinh. = H 


44 

60 

mA 

Vi = H, lo = 0, Vinh. =H 


16 

22 

Vinh. = L 


16 

24 

Input Low Voltage 

ViL 


-0.3 


1.5 

V 

Input High Voltage 

ViH 

Vss < 7V 

2.3 


Vss 

V 

Vss > 7V 

2.3 


7 

Low Voltage Input Current 

liL 

Vi = L 



-10 


High Voltage Input Current 

liH 

Vi = H 


30 

100 


Inhibit Low Voltage 

Vjnh.L 


-0.3 


1.5 

V 

Inhibit High Voltage 

Vinh.H 

Vss<7V 

2.3 


Vss 

V 

Vss > 7V 

2.3 


7 

Low Voltage Inhibit Current 

linh.L 



-30 

-100 


High Voltage Inhibit Current 

linh.H 




10 


Source Output Saturation Voltage 

VcEsatH 

o“ 

II 

1 

> 


1.4 

1.8 

V 

Sink Output Saturation Voltage 

VcEsatL 

lo = lA 


1.2 

1.8 

V 

Sensing Voltage (Pins 4, 7, 14, 17)** 

VsENS 




2 

V 

Rise Time 

tr 

0.1 to 0.9 Vo* 


250 


ns 

Fall Time 

tf 

0.9 to 0.1 Vo* 


250 


ns 

Turn-On Delay 

tON 

0.5 Vi to 0.5 Vo * 


450 


ns 

Turn-Off Delay 

tOFF 

0.5 Vi to 0.5 Vo * 


200 



ns 


*See Figure 1. 
**Referred to L293E. 
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L293 

L293E 


Figure 6. Output Voltage vs Input Voltage 


Figure 7. Output Voltage vs Inhibit Voltage 




1 1.5 2 25 1 1.5 2 2.5 


Vi - (V) 


Vinhibit — (V) 


Figure 8. DC Motor Controls (with Connection to Ground Figure 9. Bidirectional DC Motor Control 

and to the Supply Voltage) 




^inh. 

A 

Ml 

B 

M2 

H 

H 

Fast Motor Stop 

H 

Run 

H 

L 

Run 

L 

Fast Motor Stop 

L 

X 

Free Running 

Motor Stop 

X 

Free Running 

Motor Stop 


L = Low H = High X = Don’t care 


INPUTS 

FUNCTION 

Vinh. = H 

C = H; D = L 

Turn Right 

C = L; D = H 

Turn Left 

C = D 

Fast Motor Stop 

Vinh. = L 

C = X: D = X 

Free Running 

Motor Stop 


L = Low H = High X = Don't care 
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Figure 10. Bipolar Stepping Motor Control 


L293 

L293E 



Figure 11. Stepping Motor Driver with Phase Current 
Control and Short Circuit Protection 




D1 - D8 : 0.5A fast diodes (SE$5001 or equivalent). 


UNITRODE CORPORATION • 5 FORBES ROAD 
LEXINGTON, MA 02173 • TEL. (617) 861-6540 
TWX (710) 326-6509 • TELEX 95-1064 


3-18 


PRINTED IN U.S.A 



L293 

L293E 


MOUNTING INSTRUCTIONS 

The Rthj-amp of the L293 and the L293E can be reduced by 
soldering the GND pins to a suitable copper area of the printed 
circuit board or to an external heatsink. 

The diagram of Figure 13 shows the maximum package power Ptot 
and the ^ja as a function of the side “ / ” of two equal square 


copper areas having a thickness of 35/i (see Figure 12). In 
addition, it is possible to use an external heatsink (see Figure 14). 

During soldering the pins' temperature must not exceed 260°C 
and the soldering time must not be longer than 12 seconds. 

The external heatsink or printed circuit copper area must be 
connected to electrical ground. 


Figure 12. Example of P.C. Board Copper Area which is 
used as Heatsink 


Figure 13. Maximum Package Power and Junction to 
Ambient Thermal Resistance vs Size 



Figure 14. External Heatsink Mounting Example 
(dm = 25°C/W) 



Figure 15. Maximum Allowable Power Dissipation vs 
Ambient Temperature 



-50 0 50 100 

Tamb — (°C) 
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LINEAR INTEGRATED CIRCUITS 

Dual Switchmode Solenoid Driver 


L295 


FEATURES 

• High current capability (up to 2.5A per 
channel) 

• High voltage operation (up to 46V for 
power stage) 

• High efficiency switchmode operation 

• Regulated output current (adjustable) 

• Few external components 

• Separate logic supply 

• Thermal protection 


DESCRIPTION 

The L295 is a monolithic integrated circuit in a 15-lead Multiwatt® package; it 
incorporates all the functions for direct interfacing between digital circuitry and 
inductive loads. The L295 is designed to accept standard microprocessor logic levels 
and drive 2 independent solenoids. The output current is completely controlled by 
means of a switching technique allowing very efficient operation. Furthermore, it 
includes an enable input and separate power supply inputs for bilevel operation such as 
interfacing with peripherals running at higher voltage levels. 

The L295 is particularly suitable for applications such as hammer driving in matrix printers, 
step motor driving and electromagnet controllers. 


3 


ABSOLUTE MAXIMUM RATINGS 


Collector Supply Voltage, Vc 50V 

Logic Supply Voltage, Vss 12V 

Enable and Input Voltage, Ven, Vi 7V 

Reference Voltage, Vref 7V 

Peak Output Current (each channel) 

Non-Repetitive, (t = 100/usec), lo 3A 

Repetitive (80% on -20% off; toN = 10ms) 2.5A 

DC Operation 2A 

Total Power Dissipation (at Tease = 75°C) 25W 

Storage and Junction Temperature -40 to +150®C 


THERMAL DATA 

Thermal Resistance Junction-Case, ^jc 3°C/W max 

Thermal Resistance Junction-Ambient, ^ja 35®C/W max 


BLOCK DIAGRAM 






L295 


MECHANICAL DATA 



CONNECTION DIAGRAM (TOP VIEW) 



OUTPUT H ch 2 
OUTPUT L ch 2 
CURRENT SENSING 2 
REFERENCE VOLTAGE 2 
INPUT 2 

LOGIC SUPPLY VOLTAGE Vss 

OSCILLATOR RC NETWORK 

GROUND 

ENABLE 

INPUT 1 

REFERENCE VOLTAGE 1 
CURRENT SENSING 1 
OUTPUT L ch 1 
OUTPUT H ch 1 
SUPPLY VOLTAGE Vc 


ELECTRICAL CHARACTERISTICS (Refer to the application circuit, Vss = 5V, Vc = 36V, Tj = 25®C; unless otherwise specified, 
L = Low; H = High) 


PARAMETER 

SYMBOL 

TEST CONDITIONS 

MIN. 

TYP. 

MAX. 

UNITS 

Supply Voltage 

Vc 


12 


46 

V 

Logic Supply Voltage 

Vss 


4.75 


10 

V 

Quiescent Drain Current (from Vc) 

Ic 

Vc=46V; Vii =Vi 2 = VEN = L 



4 

mA 

Quiescent Drain Current (from Vss) 

Iss 

Vss = lOV 



46 

mA 

Low Input Voltage 

ViiL, Vi2L 


-0.3 


0.8 

V 

High Input Voltage 

ViiH, Vi2H 


2.2 


7 

V 

Low Enable Input Voltage 

VenL 


-0.3 


0.8 

V 

High Enable Input Voltage 

VenH 


2.2 


7 

V 

Input Current 

Ii1> ii2 

Vii = Vi2 = L 



-100 

aA 

Vii = Vi2 = H 



10 

Enable Input Current 

•en 

II 

z 

Ul 

> 



-100 

aA 

X 

II 

h 



10 

Input Reference Voltage 

Vrefi, VreF2 


0.2 


2 

V 

Input Reference Current 

IrEF1, IrEF2 




-5 

aA 

Oscillation Frequency 

fosc 

C = 3.9nF, R = 9.1KQ 


25 


KHz 

Transconductance 
(each channel) 

•p 

Vref 

Vref = IV, Rs = 0.50 

1.9 

2 

2.1 

A/V 

Total Output Voltage Saturation 
(each channel)* 

Vsat 

< 

CM 

II 

_p 


2.8 

3.6 

V 

External Sensing Resistors Voltage Drop 

Vsens 1 » Vsens 2 




2 

V 


*Vsat = VcEsatQI + VcEsatQ2. 
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L295 


APPLICATION CIRCUIT 



FUNCTIONAL DESCRIPTION 

The L295 incorporates two independent driver channels with 
separate inputs and outputs, each capable of driving an inductive 
load (see block diagram). 

The device is controlled by three microprocessor compatible 
digital inputs and two analog inputs. These inputs are; 

EN chip enable (digital input, active low), enables both chan- 
nels when in the low state. 

V|N1, 

Vin 2 channel inputs (digital inputs, active high), enable each 
channel independently. A channel is activated when both 
EN and the appropriate channel input are active. 

Vrefi, 

Vref2 reference voltages (analog inputs), used to program the 
peak load currents. Peak load current is proportional to 
Vref. 

Since the two channels are identical, only channel one will be 
described. The following description applies equally to channel 
two, replacing FF2 for FFl, Vref2 for Vrefi etc. When the channel 
is activated by a low level on the EN input and a high level on the 
channel input Vini, the output transistors Q1 and Q2 switch on 
and current flows in the load according to the exponential law: 



where: R1 and LI are the resistance and inductance of the load 
and V is the voltage available on the load 

The current increases until the voltage on the external sensing 
resistor, Rsi, reaches the reference voltage, Vrefi- This peak 
current, lpi , is given by: 

, Vrefi 

At this point the comparator output. Comp 1, sets the RS flip-flop, 
FFl, that turns off the output transistor, Ql. The load current 
flowing through D2, Q2, Rsi , decreases according to the law: 



where: Va = VcEsat Q2 + Vsense i + Vd2 

If the oscillator pin (9) is connected to ground the load current 
falls to zero as shown in Figure 1. 

At time ^ channel 1 is disabled by taking the inputs Vini low 
and/or EN high, and the output transistor Q2 is turned off. The 
load current flows through D2 and D1 according to the law: 



where: Vb = Vc + Vdi + Vd 2 

It2 = current value at the time t 2 . 

Figure 2 shows the current waveform obtained with an RC network 
connected between pin 9 and ground. From to to ti the current 
increases as in Figure 1. A difference exists at the time t 2 because 
the current starts to increase again. At this time a pulse is 
produced by the oscillator circuit that resets the flip flop, FFl, and 
switches on the output transistor, Ql. The current increases until 
the drop on the sensing resistor Rsi is equal to Vrefi (ta) and the 
cycle repeats. 

The switching frequency depends on the values of R and C, as 
shown in Figure 4 and must be chosen in the range 10 to 30KHz. 

It is possible with external hardware to change the reference 
voltage Vref in order to obtain a high peak current Ip and a lower 
holding current Ih (see Figure 3). 

The L295 is provided with a thermal protection that switches off 
all the output transistors when the junction temperature exceeds 
ISO^C. The presence of a hysteresis circuit makes the 1C work 
again after a fall of the junction temperature of about 20®C. 

The analog Input pins (Vrefi, Vrefz) can be left open or 
connected to Vssi in this case the circuit works with an internal 
reference voltage of about 2.5V and the peak current in the load is 
fixed only by the value of Rs: 


2.5 
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LINEAR INTEGRATED CIRCUITS 

1.5A, Three Terminal Adjustable 
Positive Voltage Regulators 


UC117 

UC217 

UC317 


FEATURES 

• Output voltage adjustable from 1.2 to 37V 

• Guaranteed 1.5A output current 

• Line regulation typically 0.01%/V 

• Load regulation typically 0.1% 

• Temperature-independent current limit 

• Standard 3-lead transistor packages 
(TO-3, TO-220) 


DESCRIPTION 

This monolithic integrated circuit is an adjustable 3-terminal positive voltage regulator 
designed to supply more than 1.5A of load current with an output voltage adjustable 
over a 1.2 to 37V range. Although ease of setting the output voltage to any desired value 
with only two external resistors is a major feature of this circuit, exceptional line and 
load regulation are also offered. In addition, full overload protection consisting of 
current limiting, thermal shutdown and safe-area control are included in this device 
which is packaged in TO-3 and TO-220 packages. The UC117 is rated for operation 
from -55®C to +150X, the UC217 from -25°C to +150®C and the UC317 from 
O^C to +125®C. 


ABSOLUTE MAXIMUM RATINGS 

Power Dissipation Internally limited 

Input— Output Voltage Differential 40V 

Operating Junction Temperature Range 

UC117 -55Xto+150°C 

UC217 -25°C to +150^*0 

UC317 0“Cto+125®C 

Storage Temperature -65®C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 


TYPICAL APPLICATIONS 


1.2V— 25V Adjustable Regulator 


UC117 



*Needed if device is far from 
filter capacitors 
tOptional— improves transient 
response 

tt VouT = 1.25V (l + -^) 


Digitally Selected Outputs 

UC117 



♦Value determines maximum Vout 


5V Logic Regulator with 
Electronic Shutdown** 

UC117 



*Min output = 1.2V 



UNITRODE 
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UC117 UC217 UC317 


ELECTRICAL CHARACTERISTICS (Note 1) 


PARAMETER 

TEST CONDITIONS 

UC117/UC217 

UC317 

UNITS 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

Line Regulation 

Ta = 25°C, 3V < (V,N - Vout) < 40V, 
(Note 2) 


0.01 

0.02 


0.01 

0.04 

%/M 

Load Regulation 

Ta = 25°C, 10mA < lour < Imax 









Vout <15V, (Note 2) 


5 

15 


5 

25 

mV 


Vout > 5V, (Note 2) 


0.1 

0.3 


0.1 

0.5 

% 

Thermal Regulation 

Ta = 25"C, 20ms Pulse 


0.03 

0.07 


0.04 

0.07 

%/W 

Adjustment Pin Current 



50 

100 


50 

100 

/wA 

Adjustment Pin Current 

10mA < It < Imax 


0.2 

5 


0.2 

5 

//A 

Change 

2.5V < (V,N - Vout) < 40V 








Reference Voltage 

3<(V,n-Vout)<40V 

10mA < louT ^ Imax, P ^ Pmax 

1.20 

1.25 

1.30 

1.20 

1.25 

1.30 

V 

Line Regulation 

3 < (V,N - Vout) < 40V, (Note 2) 


0.02 

0.05 


0.02 

0.07 

%/M 

Load Regulation 

10mA < louT ^ Imax, (Note 2) 

Vout < 5V 


20 

50 


20 

70 

mV 


Vout > 5V 


0.3 

1 


0.3 

1.5 

% 

Temperature Stability 

TmIN < Tj < TmAX 


1 



1 


% 

Minimum Load Current 

V,N - Vout = 40V 


3.5 

5 


3.5 

10 

mA 

Current Limit 

(V,N - Vout) <15V 









K Package 

1.5 

2.2 


1.5 

2.2 


A 


T Package 
(V,N - Vout) = 40V 

1.5 

2.2 


1.5 

2.2 


A 


K Package 


0.4 



0.4 


A 


T Package 


0.4 



0.4 


A 

RMS Output Noise 

Ta = 25‘’C, 10Hz<f < lOkHz 


0.003 



0.003 


% 

Ripple Rejection Ratio 

VouT= lOV, f = 120Hz 


65 



65 


dB 


Cadj = 10/yF 

66 

80 


66 

80 


dB 

Long Term Stability 

Ta = 125®C, 1000 Hrs. 


0.3 

1 


0.3 

1 

% 

Thermal Resistance, Junction 

K Package 


2.3 

3 


2.3 

3 

"C/W 

to Case 

T Package 





4 


°C/W 


Notes: 1. Unless otherwise noted, the above specifications apply over the following conditions: 

UC117; -55°C<T,< 150“C 
UC217: -25°C<Tj< 150°C 
UC317: 0°C < T, < 125‘’C 
(V,N - Vout) = 5V, lo = 0.5A, Imax =1.5A 

2. All regulation specifications are measured at constant junction temperatures using low duty-cycle pulse testing. 


TYPICAL PERFORMANCE CHARACTERISTICS 



0 10 20 30 40 

INPUT-OUTPUT DIFFERENTIAL (V) 


Dropout Voltage 



-75 -50 -25 0 25 50 75 100 125 150 


JUNCTION TEMPERATURE (“C) 
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UC117 UC217 UC317 


TYPICAL PERFORMANCE CHARACTERISTICS 


Temperature Stability 


Minimum Operating Current 



-75 -50 -25 0 25 50 75 100 125 150 

JUNCTION TEMPERATURE (°C) 



0 10 20 30 40 


INPUT-OUTPUT DIFFERENTIAL (V) 


MECHANICAL SPECIFICATIONS AND CONNECTION DIAGRAMS 

UC117 UC217 UC317 




INCHES 

MILLIMETERS 

A 

.876 MAX. 

22.23 MAX. 

B 

.135 MAX. 

3.43 MAX. 

C 

.250-450 

6.35-11.43 

D 

.312 MIN. 

7.92 MIN. 

E 

.038-.043 DIA. 

0.97-1.09 DIA. 

F 

.188 MAX. RAD. 

4.78 MAX. RAD. 

G 

1.177-1.197 

29.90-30.40 

H 

.655-.675 

16.64-17.15 

J 

.205-.225 

5.21-5.72 

K 

.420-. 440 

10.67-11.18 

L 

.525 MAX. RAD. 

13.34 MAX. RAD. 

M 

.151-.161 DIA. 

3.84-4.09 DIA. 




UC317 


1 - Adjustment 

2- Input 

3- Output 

4- Output 



INCHES 

MILIMETERS 

MIN 

MAX 

MIN 

MAX 

A 

0.560 

0 625 

14.23 

15.87 

B 

0.380 

0.420 

9 66 

10 66 

C 

0.140 

0.190 

3.56 

4.82 

D 

0.020 

0.045 

0.51 

1.14 

F 

0.139 

0147 

3.531 

3.733 

G 

0.090 

0.110 

2.29 

2 79 

H 

- 

0 250 

- 

6 35 

J 

0.015 

0.025 

0.38 

0.64 

K 

0 500 

0.562 

12 70 

14 27 

L 

0.045 

0 070 

1 14 

1,77 

N 

0.190 

0.210 

4.83 

5 33 

Q 

0.100 

0.120 

2.54 

3 04 

R 

0.080 

0115 

2.04 

2.92 

S 

0.045 

0 055 

1 14 

1.39 

T 

0,230 

0 270 

5.85 

6 85 


T(TO-220) 



Note: When ordering, add suffix "K” (for TO-3 package) or "T" (for TO-220 package) to the Part Number. 
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UC117 UC217 UC317 


APPLICATION HINTS 

In operation, the UC117 develops a nominal 1.25V reference 
voltage, Vref, between the output and adjustment terminal. The 
reference voltage is impressed across program resistor Ri and, 
since the voltage is constant, a constant current h then flows 
through the output set resistor Ra, giving an output voltage of 

VoUT = Vref ( 1 IadjR 2 


UC117 



Figure 1 

Since the lOOywAcurrentfrom the adjustment terminal represents 
an error term, the UCl 17 was designed to minimize Uojand make 
it very constant with line and load changes. To do this, all 
quiescent operating current is returned to the output establishing 
a minimum load current requirement. If there is insufficient load 
on the output, the output will rise. 

External Capacitors 

An input bypass capacitor is recommended. A 0.1//F disc or 1/iF 
solid tantalum on the input is suitable input bypassing for almost 
all applications. The device is more sensitive to the absence of 
input bypassing when adjustment or output capacitors are used 
but the above values will eliminate the possibility of problems. 
The adjustment terminal can be bypassed to ground on the 
UC117 to improve ripple rejection. This bypass capacitor 
prevents ripple from being amplified as the output voltage is 
increased. With a lOyuF bypass capacitor 80 dB ripple rejection is 
obtainable at any output level. 

In general, the best type of capacitors to use are solid tantalum. 
Solid tantalum capacitors have low impedance even at high 
frequencies. Depending upon capacitor construction, it takes 
about 25yuF in aluminum electrolytic to equal 1//F solid tantalum 
at high frequencies. 

Although the UCl 17 is stable with no output capacitors, like any 
feedback circuit, certain values of external capacitance can 
cause excessive ringing. This occurs with values between 500pF 
and 5000pF. A solid tantalum (or 25/yF aluminum 
electrolytic) on the output swamps this effect and insures 
stability. 


Load Regulation 

The UC117 is capable of providing extremely good load regulation 
but a few precautions are needed to obtain maximum 
performance. The current set resistor connected between the 
adjustment terminal and the output terminal (usually 240fi) 
should be tied directly to the output of the regulator rather than 
near the load. This eliminates line drops from appearing 
effectively in series with the reference and degrading regulation. 
With the TO*3 package, it is easy to minimize the resistance from 
the case to the set resistor by using 2 separate leads to the case. 
The ground of Ra can be returned near the ground of the load to 
provide remote ground sensing and improve load regulation. 

Protection Diodes 

When external capacitors are used with any 1C regulator it is 
sometimes necessary to add protection diodes to prevent the 
capacitors from discharging through low current points into the 
regulator. Most 10/iF capacitors have low enough internal series 
resistance to deliver 20A spikes when shorted. Although the surge 
is short there is enough energy to damage parts of the 1C. 

When an output capacitor is connected to a regulator and the 
input is shorted, the output capacitor will discharge into the 
output of the regulator. The discharge current depends on the 
value of the capacitor, the output voltage of the regulator, and the 
rate of decrease of Vin. In the UCl 17, this discharge path is 
through a large junction that is able to sustain 15A surge with no 
problem. This is not true of other types of positive regulators. For 
output capacitors of 25yuF or less, there is no need to use diodes. 
The bypass capacitor on the adjustment terminal can discharge 
through a low current junction. Discharge occurs when e/fher the 
input or output is shorted. Internal to the UCl 17 is a 500 resistor 
which limits the peak discharge current. No protection is needed 
for output voltages of 25V or less and lOywF capacitance. Figure 2 
shows a UCl 17 with protection diodes included for use with 
outputs greater than 25V and high values of output capacitance. 


Di 

1N4002 



Di protects against Ci 
D 2 protects against C 2 


Figure 2. Regulator with Protection Diodes 
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LINEAR INTEGRATED CIRCUITS 

1.5A, Three Terminal Adjustable 
Negative Voltage Regulators 


UC137 

UC237 

UC337 


FEATURES 

• Output voltage adjustable from -1.2 to 
-37V 

• Guaranteed 1.5A output current 

• Line regulation typically 0.01%/V 

• Load regulation typically 0.3% 

• Excellent thermal regulation, 0.002%/W 

• 77 dB ripple rejection 

• Excellent rejection of thermal transients 

• 50 ppm/®C temperature coefficient 

• Temperature-independent current limit 

• Internal thermal overload protection 

• Standard 3-lead transistor packages 
(TO-3, TO-220) 


DESCRIPTION 

The UC137/UC237/UC337 are adjustable 3-terminal negative voltage regulators 
capable of supplying in excess of -1.5A over an output voltage range of -1.2V to -37V. 
These regulators are exceptionally easy to apply, requiring only 2 external resistors to 
set the output voltage and 1 output capacitor for frequency compensation. The circuit 
design has been optimized for excellent regulation and low thermal transients. Further, 
the UC137 series features internal current limiting, thermal shutdown and safe-area 
compensation, making them virtually blowout-proof against overloads. 

The UC137/UC237/UC337 serve a wide variety of applications including local on-card 
regulation, programmable-output voltage regulation or precision current regulation. The 
UC137/UC237/UC337 are ideal complements to the UC117/UC217/UC317 adjustable 
positive regulators. These devices are available in TO-3 and TO-220 packages. The LIC137 is 
rated for operation from -55®C to +150°C, the UC237 from -25°C to + 150®C and the UC337 
from 0°C to -^125°C. 


ABSOLUTE MAXIMUM RATINGS 

Power Dissipation Internally limited 

Input— Output Voltage Differential 40V 

Operating Junction Temperature Range 

UC137 -55°C to -»-150°C 

UC237 -25°C to +150°C 

UC337 0°Cto-Hl25°C 

Storage Temperature -65°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 


TYPICAL APPLICATION 


Adjustable Negative Voltage Regulator 



*Ci = 1/uF solid tantalum is required only if regulator is far from power-supply filter capacitor. 
tOptional— improves transient response 

tt-Vo„,. -1.25V (l.^) 
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UC137 UC237 UC337 


ELECTRICAL CHARACTERISTICS (Note 1) 


PARAMETER 

TEST CONDITIONS 

UC137/UC237 

UC337 

UNITS 

MIN, 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

Line Regulation 

Ta = 25"C, 3V < 1 V,N - VoutI < 40V 


0.01 

0.02 


0.01 

0.04 

%/V 


(Note 2) 








Load Regulation 

Ta = 25°C, 10mA < Iqut ^ Imax 









1 VoutI <5V, (Note 2) 


15 

25 


15 

50 

mV 


1 VoutI > 5V, (Note 2) 


0.3 

0.5 


0.3 

1.0 

% 

Thermal Regulation 

Ta = 25°C, 10ms Pulse 


0.002 

0.02 


0.003 

0.04 

%/W 

Adjustment Pin Current 



65 

100 


65 

100 


Adjustment Pin Current 

10mA < II < Imax 


2 

5 


2 

5 


Change 

2.5V < 1 V,N - VoutI < 40V, Ta = 25°C 








Reference Voltage 

Ta = 25°C 









3<|V,n- VoutI < 40V 

-1.225 

-1.250 

-1.275 

-1.213 

-1.250 

-1.287 

V 


10 mA < loUT ^ ImAXt P ^ P max 

-1.200 

-1.250 

-1.300 

-1.200 

-1.250 

-1.300 

V 

Line Regulation 

3V <|V,N - VoutI < 40V, (Note 2) 


0.02 

0.05 


0.02 

0.07 

%/V 

Load Regulation 

10mA < louT ^ Imax> (Note 2) 









1 VoutI < 5V 


20 

50 


20 

70 

mV 


1 VoutI > 5V 


0.3 

1 


0.3 

1.5 

% 

Temperature Stability 

TmIN < Tj < Tmax 


0.6 



0.6 


% 

Minimum Load Current 

|V,N- VoutI < 40V 


2.5 

5 


2.5 

10 

mA 


jViN — VoutI ^ lOV 


1.2 

3 


1.5 

6 

mA 

Current Limit 

|V,N- VoutI < 15V 









K Package 

1.5 

2.2 


1.5 

2.2 


A 


T Package 

1.5 

2.2 


1.5 

2.2 


A 


IV, N - VoutI = 40V 









K Package 


0.4 



0.4 


A 


T Package 


0.4 



0.4 


A 

RMS Output Noise 

Ta = 25°C, lOHz < f < lOkHz 


0.003 



0.003 


% 

Ripple Rejection Ratio 

VouT = -lOV, f = 120Hz 


60 



60 


dB 


Cadj = 10//F 

66 

77 


66 

77 


dB 

Long Term Stability 

Ta = 125'’C, 1000 Hours 


0.3 

1 


0.3 

1 

% 

Thermal Resistance, Junction 

K Package 


2.3 

3 


2.3 

3 

°C/W 

to Case 

T Package 





4 


°c/w 


Notes: 1. Unless otherwise noted, the above specifications apply over the following conditions: 

UC137: -55°C <T,< 150°C 
UC237: -25°C <T,< 150°C 
UC337: 0°C<T,< 125°C 
|ViN - VoutI =5V, Io =0.5A, Imax =1.5A 

2. All regulation specifications are measured at constant junction temperatures using low duty-cycle pulse testing. 



0 1101 1201 1301 1401 

INPUT-OUTPUT DIFFERENTIAL (V) 


Dropout Voltage 



JUNCTION TEMPERATURE (°C) 
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UC137 UC237 UC337 


TYPICAL PERFORMANCE CHARACTERISTICS 


Temperature Stability 



-75 -50 -25 0 25 50 75 100 125 150 

JUNCTION TEMPERATURE (“O 


Minimum Operating Current 



0 |10| 1201 |30| |40| 


INPUT-OUTPUT DIFFERENTIAL (V) 


MECHANICAL SPECIFICATIONS AND CONNECTION DIAGRAMS 

UC137 UC237 UC337 





Bottom View 



INCHES 

MILLIMETERS 

A 

.875 MAX. 

22.23 MAX. 

B 

.135 MAX. 

3.43 MAX. 

C 

.250-450 

6.35-11.43 

D 

.312 MIN. 

7.92 MIN. 

E 

.038-.043 DIA. 

0.97-1.09 DIA. 

F 

.188 MAX. RAD. 

4.78 MAX. RAD. 

G 

1.177-1.197 

29.90-30.40 

H 

.655-.675 

16.64-17.15 

J 

.205-.225 

5.21-5.72 

K 

,420-. 440 

10.67-11.18 

L 

.525 MAX. RAD. 

13.34 MAX. RAD. 

M 

.151-.161 DIA. 

3.84-4.09 DIA. 




UC337 


1- Adjustment 

2- Output 

3- Input 

4- In put 



INCHES 

MILIMETERS 

MIN 

MAX 

MIN 

MAX 

A 

0 560 

0 625 

14.23 

15 87 

B 

0 380 

0.420 

9 66 

10 66 

C 

0140 

0.190 

3 56 

4 82 

0 

0.020 

0.045 

0.51 

1 14 

F 

0 139 

0.147 

3 531 

3 733 

G 

0 090 

0110 

2 29 

2.79 

H 

- 

0.250 

- 

6 35 

nj 

0.015 

0 025 

0 38 

0 64 

K 1 

0.500 

0.562 

12 70 

14 27 

zn 

0 045 

0 070 

1.14 

177 

N j 

0 190 

0.210 

4 83 

5 33 

Q 

0 100 

0.120 

2 54 

3 04 

R 

0 080 

0 115 

2 04 1 

2 92 

S 

0.045 

0 055 

1 14 

1 39 

T 

0.230 

0 270 

5 85 

6 85 


T(TO-220) 



Note: When ordering, add suffix “K” (for TO-3 package) or "T” (for TO-220 package) to the Part Number. 
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LINEAR INTEGRATED CIRCUITS 

3A, Three Terminal Adjustable 
Positive Voltage Regulators 


UC150 

UC250 

UC350 


FEATURES 

• Output voltage adjustable from 1.2V to 
33V 

• Guaranteed 3A output current 

• Line regulation typically 0.005%/V 

• Load regulation typically 0.1% 

• Guaranteed thermal regulation 

• Current limit constant with 
temperature 

• Standard 3-lead transistor package 


DESCRIPTION 

The UC150/UC250/UC350 are adjustable 3-terminal positive voltage regulators 
capable of supplying in excess of 3A over a 1.2V to 33V output range. They require only 
2 external resistors to set the output voltage. Further, both line and load regulation are 
comparable to discrete designs. 

In addition to higher performance than fixed regulators, the UC150 series offers full 
overload protection. Included on the chip are current limit, thermal overload protection 
and safe area protection. All overload protection circuitry remains fully functional even 
if the adjustment terminal is accidentally disconnected. 

Since the regulator is “floating” and sees only the input-to-output differential voltage, 
supplies of several hundred volts can be regulated as long as the maximum input to 
output differential is not exceeded. 

Supplies requiring electronic shutdown can be achieved by clamping the adjustment 
terminal to ground which programs the output to 1.2V where most loads draw little 
current. 

The LIC150/UC250/UC350 are packaged in standard TO-3 transistor packages. The 
UC150 is rated for operation from -55®C to +150°C, the UC250 from -25°C to +150°C 
and the UC350 from 0°C to +125®C. 


ABSOLUTE MAXIMUM RATINGS 

Power Dissipation Internally limited 

Input— Output Voltage Differential 35V 

Operating Junction Temperature Range 

UC150 -55‘’C to +150X 

UC250 -25°C to+lSO'C 

UC350 0‘’Cto+125®C 

Storage Temperature -65®C to +150®C 

Lead Temperature (Soldering, 10 seconds) 300°C 


TYPICAL APPLICATIONS 


1.2V-25V Adjustable Regulator 

6A Regulator 



Slow Turn-On 
15V Regulator 


UC150 



1/82 
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UC150 UC250 UC350 


ELECTRICAL CHARACTERISTICS (Note 1) 


PARAMETER 

TEST CONDITIONS 

UC150/UC250 

UC350 

UNITS 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

Line Regulation 

Ta = 25°C, 3V < (V,N - Vout) < 35V, 
(Note 2) 


0.005 

0.01 


0.005 

0.03 

%/V 

Load Regulation 

Ta = 25°C, 10mA < Iout < 3A 

Vout <5V, (Note 2) 


5 

15 


5 

25 

mV 


Vout > 5V, (Note 2) 


0.1 

0.3 


0.1 

0.1 

% 

Thermal Regulation 

Pulse = 20ms 


0.002 

0.01 


0.002 

0.03 

%/W 

Adjustment Pin Current 



50 

100 


50 

100 


Adjustment Pin Current 

10mA< Il<3A 


0.2 

5 


0.2 

5 

/iA 

Change 

3V < (V,N - Vout) < 35V 








Reference Voltage 

3 < (V.N - Vout) < 35V, 

10mA < louT < 3A, P < 30W 

1.20 

1.25 

1.30 

1.20 

1.25 

1.30 

V 

Line Regulation 

3 < (V,N - Vout) < 35V, (Note 2) 


0.02 

0.05 


0.02 

0.07 

%/V 

Load Regulation 

Vout < 5V 10mA < Iout < 3A, (Note 2) 


20 

50 


20 

70 

mV 


Vout > 5V 


0.3 

1 


0.3 

1.5 

% 

Temperature Stability 

Tmin < Tj < TmaX 


1 



1 


% 

Minimum Load Current 

(V,N - Vout) = 35V 


3.5 

5 


3.5 

10 

mA 

Current Limit 

(V,N - Vout) <10V 

3.0 

4.5 


3.0 

4.5 


A 


(V,N - Vout) = 30V 


1 



1 


A 

RMS Output Noise 

Ta = 25°C, 10Hz<f<10kHz 


0.003 



0.003 


% 

Ripple Rejection Ratio 

Vout = lOV, f = 120Hz 


65 



65 


dB 


Cadj = 10//F 

66 

86 


66 

86 


dB 

Long Term Stability 

Ta = 125°C, 1000 Hrs. 


0.3 

1 


0.3 

1 

% 

Thermal Resistance, Junction 




1.5 



1.5 

°C/W 

to Case 


i 


1 


1 




Notes: 1. Unless otherwise noted, the above specifications apply over the following conditions: 

UC150: -55°C<T,< 150°C 
UC250: -25°C <T,< 150°C 
UC350; 0°C < T, < 125°C 
(V,n-Vout)=5V, loUT - 1.5A 

2. All regulation specifications are measured at constant junction temperatures using low duty-cycle pulse testing. 
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UC150 UC250 UC350 


APPLICATION HINTS 

In operation, the UC150 develops a nominal 1.25V reference 
voltage, Vref, between the output and adjustment terminal. The 
reference voltage is impressed across program resistor Ri and, 
since the voltage is constant, a constant current h then flows 
through the output set resistor R 2 , giving an output voltage of 


VouT = Vref ( 1 IaDjR2 


UC150 



Since the SO/uA current from the adjustment terminal represents 
an error term, the UC150 was designed to minimize Udj and make 
it very constant with line and load changes. To do this, all 
quiescent operating current is returned to the output establishing 
a minimum load current requirement. If there is insufficient load 
on the output, the output will rise. 

External Capacitors 

An input bypass capacitor is recommended. A O.lyuF disc or 1/uF 
solid tantalurn on the input is suitable input bypassing for almost 
all applications. The device is more sensitive to the absence of 
input bypassing when adjustment or output capacitors are used 
but the above values will eliminate the possibility of problems. 
The adjustment terminal can be bypassed to ground on the 
UC150 to improve ripple rejection. This bypass capacitor 
prevents ripple from being amplified as the output voltage is 
increased. With a 10//F bypass capacitor 86 dB ripple rejection is 
obtainable at any output level. 

In general, the best type of capacitors to use are solid tantalum. 
Solid tantalum capacitors have low impedance even at high 
frequencies. Depending upon capacitor construction, it takes 
about 2bij¥ in aluminum electrolytic to equal lfi¥ solid tantalum 
at high frequencies. 

Although the UC150 is stable with no output capacitors, like any 
feedback circuit, certain values of external capacitance can 
cause excessive ringing. This occurs with values between 500pF 
and 5000pF. A lyuF solid tantalum (or 25/iF aluminum 
electrolytic) on the output swamps this effect and insures 
stability. 


Load Regulation 

The UC150 iscapable of providing extremely good load regulation 
but a few precautions are needed to obtain maximum 
performance. The current set resistor connected between the 
adjustment terminal and the output terminal (usually 240fi) 
should be tied directly to the output of the regulator rather than 
near the load. This eliminates line drops from appearing 
effectively in series with the reference and degrading regulation. 
With theTO-3 package, it is easy to minimize the resistance from 
the case to the set resistor by using 2 separate leads to the case. 
The ground of Rs can be returned near the ground of the load to 
provide remote ground sensing and improve load regulation. 

Protection Diodes 

When external capacitors are used with any 1C regulator it is 
sometimes necessary to add protection diodes to prevent the 
capacitors from discharging through low current points into the 
regulator. Most lO/wF capacitors have low enough internal series 
resistance to deliver 20A spikes when shorted. Although the surge 
is short there is enough energy to damage parts of the 1C. 

When an output capacitor is connected to a regulator and the 
input is shorted, the output capacitor will discharge into the 
output of the regulator. The discharged current depends on the 
value of the capacitor, the output voltage of the regulator, and the 
rate of decrease of Vin. In the UC150, this discharge path is 
through a large junction that is able to sustain 25A surge with no 
problem. This is not true of other types of positive regulators. For 
output capacitors of 25 a<F or less, there is no need to use diodes. 
The bypass capacitor on the adjustment terminal can discharge 
through a low current junction. Discharge occurs when either the 
input or output is shorted. Internal to the UC150 is a 500 resistor 
which limits the peak discharge current. No protection is needed 
for output voltages of 25V or less and 10//F capacitance. Figure 2 
shows a UC150 with protection diodes included for use with 
outputs greater than 25V and high values of output capacitance. 


Di 

1N4002 



Di protects against Ci 
Dz protects against Cz 

VouT = 1.25V ( 1 +-^) + R 2 IADJ 

r\i 

Figure 2. Regulator with Protection Diodes 
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LINEAR INTEGRATED CIRCUITS 

Advanced Regulating Pulse Width Modulators 


UC493A UC493AC 
UC494A UC494AC 
UC495A UC495AC 
UC495B UC495BC 


FEATURES 

• Dual uncommitted 40V, 200mA output 
transistors 

• 1% accurate 5V reference 

• Dual error amplifiers 

• Wide range, variable deadtime 

• Single-ended or push-pull operation 

• Under-voltage lockout with hysteresis 

• Double pulse protection 

• Master or slave oscillator operation 

• UC493A/UC495B: Built in 80mV 
threshold for current limiting 

• UC495A/UC495B: Internal 39V zener 
diode 

• UC495A/UC495B: Buffered steering 
control 


DESCRIPTION 

This entire series of PWM modulators each provide a complete pulse width modulation 
system in a single monolithic integrated circuit. These devices include a 5V reference 
accurate to ±1%, two independent amplifiers usable for both voltage and current 
sensing, an externally synchronizable oscillator with its linear ramp generator, and two 
uncommitted transistor output switches. These two outputs may be operated either in 
parallel for single-ended operation or alternating for push-pull applications with an 
externally controlled dead-band. These units are internally protected against double- 
pulsing of a single output or from extraneous output signals when the input supply 
voltage is below minimum. 

The UC495A and UC495B also contain an on-chip 39V zener diode for high-voltage 
applications where Vcc would be greater than 40V, and a buffered output steering 
control that overrides the internal control of the pulse steering flip-flop. 

UC493A and UC494A are packaged in a 16-pin DIP, while the UC495A and UC495B are 
packaged in an 18-pin DIP. The UC493A, UC494A, UC495A and UC495B are specified 
for operation over the full military temperature range of -55®C to +125®C, while the 
UC493AC, UC494AC, UC495AC and UC495BC are designed for industrial applications 
from 0°C to +70®C. 


ABSOLUTE MAXIMUM RATINGS (Note 1) 

Supply Voltage, Vcc (Note 2) : 45V 

Amplifier Input Voltages Vcc + 0.3V 

Collector Output Voltage ; 41V 

Collector Output Current 250mA 

Continuous Total Dissipation lOOOmW 

@ (or below) 25°C free air temperature range (Note 3) 

Storage Temperature Range -65® to +150®C 

Lead Temperature Vie" (1.6mm) from case for 60 seconds, 

J Package 300®C 

Lead Temperature Vie" (1.6mm) from case for 10 seconds, 

N Package 260®C 

Notes: 1. Over operating free air temperature range unless otherwise noted. 

2. All voltage values are with respect to network ground terminal. 

3. For J package, derate at 8.2mW/°C for ambient temperature 
above +28°C. For N package, derate at 9.2mW/°C for ambient 
temperature above +41°C. 

BLOCK DIAGRAM 


RECOMMENDED OPERATING CONDITIONS 


Supply Voltage Vcc 7V to 40V 

Error Amplifier Input Voltages -0.3V to Vcc-2V 

Collector Output Voltage 40V 

Collector Output Current (each transistor) .200mA 

Current into Feedback Terminal 0.3mA 

Timing Capacitor, Ct 0.47nF to 10,000nF 

Timing Resistor, Rt 1.8KO to 500KO 

Oscillator Frequency IkHz to 300kHz 

Operating Free Air Temperature 

UC493A, UC494A, UC495A, UC495B -55®C to +125®C 

UC493AC, UC494AC, UC495AC, UC495BC 0®C to +70®C 


(UC495A & UC495B) 



FUNCTION TABLE I 

Output Control 
Connected to: 

Output Function 

Ground 

Single-Ended or 
Parallel Operation 


Push-Pull Alternating 

REF 

Outputs 


Steering Control 
(Output Control 
at Vref) 

Output Function 

Vs < 0.4V 

Vs > 2.4V 

PWM Output at Qi 
PWM Output at Qa 
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CONNECTION DIAGRAMS 

DIL-16 (Top View) UC493A/UC493AC 

J or N Package UC494A/UC494AC 

ERROR 

AMP 

NON-INV INPUT 
INV INPUT 
COMPEN/PWM COMP INPUT 
DEAD TIME CONTROL 
Ct 
Rt 

GROUND 
C, 



UC493A UC493AC 
UC494A UC494AC 
UC495A UC495AC 
UC495B UC495BC 


DIL18 (Top View) 

J or N Package 

NON-INV INPUT [T 
INV INPUTU 
COMPEN/PWM COMP INPUT [T; 
DEAD TIME CONTROL [T- 
CT[I- 
Rt[6 - 
GROUND[y- 
C,[8 - 



UC495A/UC495AC 
UC495B/UC495BC 

S NON-INV INPUT 

.08V (UC495B ONLY) 


I — iE Vz 

iD OUTPUT CONTROL 
|J~" H STEERING CONTROL 
Vcc 






nicz 
•IE e 2 


ELECTRICAL CHARACTERISTICS (Unless otherwise stated, over recommended operating free-air temperature 
range, Vcc = 15V, f = lOkHz.) 


PARAMETER 

TEST CONDITIONS 

MIN. 

TYP. 

MAX. 1 UNITS 

Reference Section | 

Output Voltage (Vref) 

lo = 1mA, Ta = 25®C 

4.95 

5 

5.05 

V 

Input Regulation 

Vcc = 7V to 40V 


2 

25 

mV 

Output Regulation 

lo = 1mA to 10mA 


1 

15 

mV 

Output Voltage over Temperature 

A Ta = Min. to Max. 

4.90 


5.10 

V 

Short Circuit Output Current (Note 1) 

Vref = 0, Ta = 25"C 

10 

35 

50 

mA 

Oscillator Section | 

Frequency (Note 2) 

Ct = 0.01/;F, Rt = 12kn 


10 


kHz 

Standard Deviation of Frequency 
(Note 3) 

All values of Vcc, Ct, Rt, 

Ta constant 


10 


% 

Frequency Change with Voltage 

Vcc = 7V to 40V, Ta = 25°C 


0.1 


% 

Frequency Change with Temperature 

Ct = 0.01/yF, Rt = 12kn 

A Ta = Min. to Max. 



2 

% 

Deadtime Control Section (Output Control connected to Vref) | 

Input Bias Current (Pin 4) 

V(piN 4 ) = OV to 5.25V 


-2 

-10 

//A 

Maximum Duty-Cycle (Each Output) 

V(PIN 4) = OV 

45 



% 

Input Threshold Voltage (Pin 4) 

Zero Duty-Cycle 


3 

3.3 

V 

Maximum Duty-Cycle 

0 



Amplifier Section (Current Limit specifications apply to UC493A and UC495B only) j 

Input Offset Voltage 

Error 

Vo (PIN 3) = 2.5V 


2 

10 

mV 

Current Limit 

70 

80 

90 

Input Offset Current 

Vo (PIN 3) = 2.5V 


25 

250 

nA 

Input Bias Current 

Error 

Vo (PIN 3 ) = 2.5V 


-0.2 

-1 

//A 

Current Limit 


-1 

-2 

Common-Mode Input Voltage Range 

Vcc = 7V to 40V 

0.3 to 
Vcc -2 



V 

Open Loop 

Voltage Gain 

Error 

A Vo = 3V, Vo = 0.5V to 3.5V 

70 

95 


dB 

Current Limit 

66 

90 


Unity Gain Bandwidth 



800 


kHz 

Common-Mode 

Rejection Ratio 

Error 

Vcc = 40V, Ta = 25‘’C 

65 

80 


dB 

Current Limit 

50 

70 


Output Sink Current (Pin 3) 

ViD = -15mV to -5V, V(PiN 3 ) = 0.7V 

0.3 

0.7 


mA 

Output Source Current (Pin 3) 

ViD = 15mV to 5V, V(PiN 3 ) = 3.5V 

-2 



mA 
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ELECTRICAL CHARACTERISTICS (Unless otherwise stated, over recommended operating free-air temperature 
range, Vcc = 15V, f = 10 kHz.) 


UC493A 

UC494A 

UC495A 

UC495B 


UC493AC 

UC494AC 

UC495AC 

UC495BC 


PARAMETER 

TEST CONDITIONS | MIN. 

TYP. 

MAX. 1 UNITS 1 

Output Section | 

Collector Off- State Current 

VcE = 40V, Vcc = 40V 


2 

100 


Emmitter Off-State Current 

Vcc = Vc = 40V, Ve = 0 



-100 


Col lector- Emitter 
Saturation Voltage 

Common- Emitter 

Ve = 0, Ic = 200mA 


1.1 

1.3 

V 

Emitter-Follower 

Vc = 15V, Ie = -200mA 


1.5 

2.5 

Output Control Input Current 

Vi = Vref 



3.5 

mA 

PWM Comparator Section | 

Input Threshold Voltage (Pin 3) 

Zero Duty-Cycle 


4 

4.5 

V 

Input Sink Current (Pin 3) 

V(piN 3) = 0.7V 

0.3 

0.7 


mA 

Steering Control (UC495A and UC495B only, see Function Table) | 

Input Current 

V(PiN 13 ) = 0.4V, Qi active 



-200 

A/A 

V(piN 13 ) = 2.4V, Q 2 active 



300 

Deadband 



500 


mV 

Zener Diode Circuit (UC495A and UC495B only) ] 

Breakdown Voltage 

Vcc = 45V, Iz = 2mA 

36 

39 

45 

V 

Sink Current 

V(PIN 15) = IV 

0.2 

0.3 

0.6 

mA 

Total Device { 

Standby Supply Current 

Pin 6 at Vref. All other Vcc = 15V 


6 

10 

mA 

inputs and outputs open. Vcc = 40V 


9 

15 

Under-Voltage Lockout 


3.5 


6.5 

V 

Hysteresis 



300 


mV 

Switching Characteristics (Ta = 25 ®C) | 

Output Voltage Rise Time 

Common-Emitter Configuration 


100 

200 

ns 

Output Voltage Fall Time 

Rl = 68fi, Cl = 15pF 


25 

100 

ns 

Output Voltage Rise Time 

Emitter-Follower Configuration 


100 

200 

ns 

Output Voltage Fall Time 

Rl = 680, Cl = 15pF 


40 

100 

ns 


Notes: 1. Duration of the short circuit should not exceed one second. 

^ 2. Frequency for other values of Ct and Rt is approximately f=- 


1.1 


RtCt 

Standard deviation is a measure of the statistical distribution about the mean as derived from the formula 


V Z (x„ -X)" 
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UC493A UC493AC 
UC494A UC494AC 
UC495A UC495AC 
UC495B UC495BC 


Figure 1. Slaving Two or More Control Circuits 


Figure 2. Output Circuit of Error Amplifiers 


Vref Vcc 




Figure 3. Output Connections for Single-Ended and Push-Pull Configurations 



1 to 250mA 


Single-Ended Configuration 


Push-Pull Configuration 


Figure 4. Internal Buffer with Deadband for 

Steering Control on UC495A and UC495B 


Figure 5. Operation with Vin > 40V 

Using Internal Zener (UC495A and UC495B Only) 



STEERING 

CONTROL 



Figure 6. Error Amplifier Sensing Techniques 


Vo To Output Vref 
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LINEAR INTEGRATED CIRCUITS 

Regulating Pulse Width Modulators 


UC1524 

UC2524 

UC3524 


FEATURES 

• Complete PWM Power control circuitry 

• Uncommitted outputs for single-ended 
or push-pull applications 

• Low standby current ... 8mA typical 

• Interchangeable with SG1524, SG2524 
and SG3524, respectively 


DESCRIPTION 

The UC1524, UC2524 and UC3524 incorporate on a single monolithic chip all the 
functions required for the construction of regulating power supplies inverters or 
switching regulators. They can also be used as the control element for high-power- 
output applications. The UC1524 family was designed for switching regulators of either 
polarity, transformer-coupled dc-to-dc converters, transformerless voltage doublers and 
polarity converter applications employing fixed-frequency, pulse-width modulation 
techniques. The dual alternating outputs allow either single-ended or push-pull 
applications. Each device includes an on-chip reference, error amplifier, programmable 
oscillator, pulse-steering flip-flop, two uncommitted output transistors, a high-gain 
comparator, and current-limiting and shut-down circuitry. The UC1524 is characterized 
for operation over the full military temperature range of -55®C to +125°C. The UC2524 
and UC3524 are designed for operation from -25®C to +85®C and 0°C to +70°C, 
respectively. 


ABSOLUTE MAXIMUM RATINGS (Note 1) 

Supply Voltage, Vcc (Notes 2 and 3) 40V 

Collector Output Current 100mA 

Reference Output Current 50mA 

Current Through Ct Terminal -5mA 

Power Dissipation at Ta = +25°C (Note 4) lOOOmW 

Thermal Resistance, Junction to Ambient 100°C/W 

Power Dissipation at Tc = +25°C (Note 5) 2000mW 

Thermal Resistance, Junction to Case 60°C/W 

Operating Junction Temperature Range -55®C to +150®C 

Storage Temperature Range -65®C to +150®C 


Notes: 1. Over operating free-air temperature range unless otherwise 
noted. 

2. All voltage values are with respect to the ground terminal, pin 8 

3. The reference regulator may be bypassed for operation from a 
fixed 5V supply by connecting the Vcc and reference output 
pins both to the supply voltage. In this configuration the 
maximum supply voltage is 6V. 

4. Derate at 10mW/°C for ambient temperatures above +50®C 

5. Derate at 16mW/°C for case temperatures above +25°C 


RECOMMENDED OPERATING CONDITIONS 


Supply Voltage, Vcc 8V to 40V 

Reference Output Current 0 to 20mA 

Current through Ct Terminal -0.03mA to -2mA 

Timing Resistor, Rt 1.8KQ to lOOKQ 

Timing Capacitor, Ct 0.00 1//F to 0.1/uF 

Operating Ambient Temperature Range 

UC1524 -55°Cto+125°C 

UC2524 -25X to +85°C 

UC3524 0°C to +70°C 


BLOCK DIAGRAM 



CONNECTION DIAGRAM 


DIL-16 

J or N Package 





nirtimnyiininiJiif 


INV NON- OSC (+) (-) Rt Ct GND 

INPUT INV OUT CL CL. 

INPUT SENSE 
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UC1524 UC2524 UC3524 


ELECTRICAL CHARACTERISTICS (Unless otherwise stated, these specifications apply for Ta = -55°C to +125®C for the UC1524, 
-25°C to +85°C for the UC2524, and 0®C to +70'’C for the UC3524, V,n = 20V, and f = 20kHz) 


PARAMETER 

TEST CONDITIONS 

UC1524/UC2524 

UC3524 

UNITS 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

Reference Section | 

Output Voltage 


4.8 

5.0 

5.2 

4.6 

5.0 

5.4 

V 

Line Regulation 

V,N = 8 to 40V 


10 

20 


10 

30 

mV 

Load Regulation 

II = 0 to 20mA 


20 

50 


20 

50 

mV 

Ripple Rejection 

f = 120Hz, T, = 25®C 


66 



66 


dB 

Short Circuit Current Limit 

Vref = 0, Tj =25X 


100 



100 


mA 

Temperature Stability 

Over Operating Temperature Range 


0.3 

1 


0.3 

1 

% 

Long Term Stability 

Tj = 125°C,t = 1000Hrs. 


20 



20 


mV 

Oscillator Section | 

Maximum Frequency 

Ct= .OOlmfd, RT = 2kn 


300 



300 


kHz 

Initial Accuracy 

Rt and Ct Constant 


5 



5 


% 

Voltage Stability 

V,N = 8 to 40V, Tj = 25"C 



1 



1 

% 

Temperature Stability 

Over Operating Temperature Range 



2 



2 

% 

Output Amplitude 

Pin 3, T, =25°C 


3.5 



3.5 


V 

Output Pulse Width 

Ct= .Olmfd, T,= 25*^0 


0.5 



0.5 


fJS 

Error Amplifier Section | 

Input Offset Voltage 

VcM = 2.5V 


0.5 

5 


2 

10 

mV 

Input Bias Current 

VcM = 2.5V 


2 

10 


2 

10 

fjA 

Open Loop Voltage Gain 


72 

80 


60 

80 


dB 

Common Mode Voltage 

T| = 25'’C 

1.8 


3.4 

1.8 


3.4 

V 

Common Mode Rejection Ratio 

Tj = 25°C 


70 



70 


dB 

Small Signal Bandwidth 

Av = OdB, Tj = 25°C 


3 



3 


MHz 

Output Voltage 

Tj = 25°C 

0.5 


3.8 

0.5 


3.8 

V 

Comparator Section | 

Duty-Cycle 

% Each Output On 

0 


45 

0 


45 

% 

Input Threshold 

Zero Duty-Cycle 


1 



1 


V 

Input Threshold 

Maximum Duty-Cycle 


3.5 



3.5 


V 

Input Bias Current 



1 



1 


aA 

Current Limiting Section | 

Sense Voltage 

Pin 9 = 2V with Error Amplifier 

Set for Maximum Out, Tj = 25°C 

190 

200 

210 

180 

200 

220 

mV 

Sense Voltage T.C. 



0.2 



0.2 


mV/^C 

Common Mode Voltage 


-1 


+1 

-1 


-Hi 

V 

Output Section (Each Output) | 

Collector-Emitter Voltage 


40 



40 



V 

Collector Leakage Current 

VcE = 40V 


0.1 

50 


0.1 

50 

//A 

Saturation Voltage 

Ic = 50mA 


1 

2 


1 

2 

V 

Emitter Output Voltage 

V,N = 20V 

17 

18 


17 

18 


V 

Rise Time 

Rc=2Kohm, Tj = 25'’C 


0.2 



0.2 


fJS 

Fall Time 

Rc = 2K ohm, Tj = 25*^0 


0.1 



0.1 


AfS 

Total Standby Current 

V,N = 40V 


8 

10 


8 

10 

mA 

(Excluding oscillator charging current, error and current limit 
dividers, and with outputs open) 
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OUTPUT DEAD TIME Cus) OPEN-LOOP VOLTAGE AMPLIFICATION (dB) 


UC1524 UC2524 UC3524 


TYPICAL CHARACTERISTICS 



Oscillator Frequency 
vs Timing Components 



FREQUENCY (Hz) 


Rt - TIMING RESISTOR (kO) 


Output Dead Time vs Output Saturation Voltage 

Timing Capacitance Value vs Load Current 



0.001 0.004 0.01 0.04 , 0.1 0 20 40 60 80 100 

Ct-CAPACITANCE (/uF) load CURRENT (mA) 
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UC1524 UC2524 UC3524 


PRINCIPLES OF OPERATION 

The UC1524 is a fixed-frequency pulse-width-modulation voltage 
regulator control circuit. The regulator operates at a frequency that 
is programmed by one ti ming resistor (Rt) and one timing capacitor 
(Ct). Rt establishes a constant charging current for Ct. This results 
in a linear voltage ramp at Ct, which is fed to the comparator 
providing linear control of the output pulse width by the error 
amplifier. The UC1524 contains an on-board 5V regulator that 
serves as a reference as well as powering the UC1524’s internal 
control circuitry and is also useful in supplying external support 
functions. This reference voltage is lowered externally by a resistor 
divider to provide a reference within the common-mode range of 
the error amplifier or an external reference may be used. The power 
supply output is sensed by a second resistor divider network to 
generate a feedback signal to the error amplifier. The amplifier 
output voltage is then compared to the linear voltage ramp at Ct. 
The resulting modulated pulse out of the high-gain comparator is 


then steered to the appropriate output pass transistor (Qi or Q 2 ) by 
the pulse-steering flip-flop, which is synchronously toggled by the 
oscillator output. The oscillator output pulse also serves as a 
blanking pulse to assure both outputs are never on simultaneously 
during the transition times. The width of the blanking pulse is 
controlled by the value of Ct. The outputs may be applied in a push- 
pull configuration in which their frequency is half that of the base 
oscillator, or paralleled for single-ended applications in which the 
frequency is equal to that of the oscillator. The output of the error 
amplifier shares a common input to the comparator with the 
current limiting and shutdown circuitry and can be overridden by 
signals from either of these inputs. This common point is also 
available externally and may be employed to control the gain of, or 
to compensate, the error amplifier, or to provide additional control 
to the regulator. 


TYPICAL APPLICATIONS DATA 
Oscillator 

The oscillator controls the frequency of the UC1524 and is 
programmed by Rt and Ct according to the approximate formula; 


where Rt is in kilohms 

Ct is in microfarads 
f is in kilohertz 

Practical values of Ct fall between 0.001 and 0.1 microfarad. 
Practical values of RTfall between 1.8 and 100 kilohms. This results 
in a frequency range typically from 120 hertz to 500 kilohertz. 

Blanking 

The output pulse of the oscillator is used as a blanking pulse at the 
output. This pulse width is controlled by the value of Ct. If small 
values of Ct are required forfrequencycontrol, the oscillator output 
pulse width may still be increased by applying a shunt capacitance 
of up to lOOpF from pin 3 to ground. If still greater dead-time is 
required, it should be accomplished by limiting the maximum duty 


cycle by clamping the output of the error amplifier. This can easily 
be done with the circuit below: 



Comp (^y 


Gnd(^ 


1N916 


5k 


Synchronous Operation 

When an external clock is desired, a clock pulse of approximately 
3V can be applied directly to the oscillator output terminal. The 
impedance to ground at this point is approximately 2 kilohms. In 
this configuration Rt Ct must be selected for a clock period slightly 
greater than that of the external clock. 

If two or more UC1524 regulators are to be operated synchronously, 
all oscillator output terminals should be tied together, all Ct 
terminals connected to a single timing capacitor, and the timing 
resistor connected to a single Rt terminal. The other Rt terminals 
can be left open or shorted to Vref- Minimum lead lengths should be 
used between the Ct terminals. 


Single-Ended LC Switching Regulator Circuit 


Push-Pull Transformer-Coupled Circuit 
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UC1524 UC2524 UC3524 


OPEN LOOP TEST CIRCUIT 



MECHANICAL SPECIFICATIONS 





Note: When ordering, add suffix “J" (for 16 pin ceramic package) or "N” (for 16 pin plastic package) to the part number. 
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LINEAR INTEGRATED CIRCUITS 

Advanced Regulating Pulse Width Modulators 


UC1524A 

UC2524A 

UC3524A 


FEATURES 

• Fully interchangeable with standard 
UC1524 family 

• Precision reference internally trimmed 
to ±1% 

• High-Performance current limit function 

• Under-voltage lockout with hysteretic 
turn-on 

• Start-up supply current less than 4mA 

• Output current to 200mA 

• 60V output capability 

• Wide common-mode input range for 
both error and current limit amplifiers 

• PWM latch insures single pulse per 
period 

• Double pulse suppression logic 

• 200ns shutdown through PWM latch 

• Guaranteed frequency accuracy 

• Thermal shutdown protection 


DESCRIPTION 

The UC1524A family of regulating PWM ICs has been designed to retain the same 
highly versatile architecture of the industry standard UC1524 (SG1524) while offering 
substantial improvements to many of its limitations. The UC1524A is pin compatible 
with "non-A” models and in most existing applications can be directly interchanged 
with no effect on power supply performance. Using the UC1524A, however, frees the 
designer from many concerns which typically had required additional circuitry to solve. 

The UC1524A includes a precise 5V reference trimmed to ±1% accuracy, eliminating 
the need for potentiometer adjustments: an error amplifier with an input range which 
includes 5V, eliminating the need for a reference divider; a current sense amplifier 
useful in either the ground or power supply output lines; and a pair of 60V, 200mA 
uncommitted transistor switches which greatly enhance output versatility. 

An additional feature of the UC1524A is an under-voltage lockout circuit which disables 
all the internal circuitry, except the reference, until the input voltage has risen to 8V. 

This holds standby current low until turn-on, greatly simplifying the design of low power, 
off-line supplies. The turn-on circuit has approximately 600mV of hysteresis for jitter- 
free activation. 

Other product enhancements included in the UC1524A’s design include a PWM latch 
which insures freedom from multiple pulsing within a period, even in noisy environ- 
ments, logic to eliminate double pulsing on a single output, a 200ns external shutdown 
capability, and automatic thermal protection from excessive chip temperature. The 
oscillator circuit of the UC1524A is usable beyond 500kHz and is now easier to 
synchronize with an external clock pulse. 

The UC1524A is packaged in a hermetic 16-pin DIP and is rated for operation from 
-55®C to +125®C. The UC2524A and UC3524A are available in either ceramic or plastic 
packages and are rated for operation from -25°C to +85°C and 0°C to 70°C, respectively. 


ABSOLUTE MAXIMUM RATINGS 

Supply Voltage (Vin) 40V 

Collector Supply Voltage (Vc) 60V 

Output Current (Each Output) 200mA 

Reference Output Current 50mA 

Oscillator Charging Current 5mA 

Power Dissipation at Ta = +25°C lOOOmW 

Derate above +50°C 10mW/°C 

Power Dissipation at Tc = +25°C 2000mW 

Derate for Case Temperature above +25°C 16mW/°C 

Operating Temperature Range -55°C to +125°C 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering, 10 seconds) +300°C 


BLOCK DIAGRAM 


COMP (?)- 
INV INPUT (T) 
N.l. INPUT 

C.L (+) SENSE 
C.L (-) SENSE 



10) SHUTDOWN 


CONNECTION DIAGRAM 


DIL-16 (TOP VIEW) 


J or N Package 


INV. input[T 


^+5V Vref 

NON-INV. INPUT(T 



osc/sync[T 


^EMITTER B 

C.L (+) sf.nse|T 


^COLLECTOR B 

C.L(-) SENSE [? 


^COLLECTOR A 

Rt|T 


^EMITTER A 

c,[7 


^SHUTDOWN 

ground|T 


T]compensation 
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UC1524A UC2524A UC3524A 


ELECTRICAL CHARACTERISTICS (Unless otherwise stated, these specifications apply for Ta = -55®C to +125‘’C for the UC1524A, 


-25°C to +85‘’C for the UC2524A, and O^C to +70‘’C for the UC3524A; Vin = Vc = 20V.) 


PARAMETER 

TEST CONDITIONS 

UC1524A 

UC2524A 

UC3524A 

UNITS 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

Turn-on Characteristics | 

Input Voltage 

Operating Range after Turn-on 

8 


40 

8 


40 

V 

Turn-on Threshold 


5.5 

7.5 

8.5 

5.5 

7.5 

8.5 

V 

Turn-on Current 

V,N = 6V 


2.5 

4 


2.5 

4 

mA 

Operating Current 

V,N = 8 to 40V 


5 

10 


5 

10 

mA 

Turn-on Hysteresis* 



0.6 



0.6 


V 

Reference Section | 

Output Voltage 

Tj = 25^C 

4.95 

5.00 

5.05 

4.90 

5.00 

5.10 

V 

Line Regulation 

Vin = 10 to 40V 


10 

20 


10 

30 

mV 

Load Regulation 

II = 0 to 20mA 


20 

50 


20 

50 

mV 

Temperature Stability* 

Over Operating Range* 


20 

50 


20 

50 

mV 

Short Circuit Current 

Vref = 0, Tj = 25^0 


80 

100 


80 

100 

mA 

Output Noise Voltage* 

lOhz < f < lOkHz, Tj = 25°C 


40 



40 


juVrms 

Long Term Stability* 

Tj = 125‘’C, 1000 Hrs. 


20 

50 


20 

50 

mV 

1 Oscillator Section (Unless otherwise specified, Rj = 27000, Ct = 0.01 mfd) | 

Initial Accuracy 

Tj = 25‘’C 

41 

43 

45 

39 

43 

47 

kHz 

Temperature Stability 

Over Operating Temperature Range 


1 

2 


1 

2 

% 

Minimum Frequency* 

Rt = 150kO, Ct = 0.1 mfd 



140 



120 

Hz 

Maximum Frequency 

Rt = 2.0kQ, Ct = 470 pF 

500 



500 



kHz 

Output Amplitude* 

Tj = 25‘’C 


3.5 



3.5 


V 

Output Pulse Width* 

Tj = 25^ 


0.5 



0.5 


AS 

Ramp Peak 


3.3 

3.5 

3.7 

3.3 

3.5 

3.7 

V 

Ramp Valley 

Tj = 25°C 

0.7 

0.8 

0.9 

0.7 

0.8 

0.9 

V 

Ramp Valley T.C. 



-1.0 



-1.0 


mV/°C 

1 Error Amplifier Section (Unless otherwise specified, Vcm = 2.5V) | 

Input Offset Voltage 



0.5 

5 


2 

10 

mV 

Input Bias Current 



1 

5 


1 

10 

aA 

Input Offset Current 



.05 

1 


0.5 

1 

aA 

Common Mode Rejection Ratio 

Vcm = 1.5 to 5.5V 

60 

75 


60 

75 


dB 

Power Supply Rejection Ratio 

Vin = 10 to 40V 

50 

60 


50 

60 


dB 

Output Swing 

Minimum Total Range 

0.5 


5.0 

0.5 


5.0 

V 

Open Loop Voltage Gain 

AVo = 1 to 4V, Rl > 10 Meg 0 

72 

80 


60 

80 


dB 

Gain-Bandwidth* 

Tj = 25^*0, Av = OdB 

1 

3 


1 

3 


MHz 

DC Transconductance*t 

Tj = 25‘*C, 30kfi<RL<lMQ 

1.7 

2.3 


1.7 

2.3 


mS 


* These parameters are guaranteed by design but not 100% tested in production. 

t DC transconductance (gM) relates to DC open-loop voltage gain according to the follo\wing equation: Ay = giviRc 
where Rl is the resistance from pin 9 to ground. 

The minimum gM specification is used to calculate minimum Ay when the error amplifier output is loaded. 
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UC1524A UC2524A UC3524A 


ELECTRtCAL CHARACTERISTICS (Unless otherwise stated, these specifications apply for Ta = -55®C to +125°C for the UC1524A, 
-25°C to +85^0 for the UC2524A. and 0"C to +70‘’C for the UC3524A: Vin = Vc = 20V.) 


PARAMETER 

TEST CONDiTIONS 

UC1524A 

UC2524A 

UC3524A 

UNITS 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

Current Limit Ampiifier (Unless otherwise specified, Pin 5 = OV) | 

Input Offset Voltage 

Tj = 25°C, E/A Set for Maximum Output 

190 

200 

210 

180 

200 

220 

mV 

Input Offset Voltage 

Over Operating Temperature Range 

180 


220 

170 


230 

mV 

Input Bias Current 



-1 

-10 


-1 

-10 

aA 

Common Mode Rejection Ratio 

V(Pin 5 ) = -0.3V to +5.5V 

50 

60 


50 

60 


dB 

Power Supply Rejection Ration 

V,N = 10 to 40V 

50 

60 


50 

60 


dB 

Output Swing 

Minimum Total Range 

0.5 


5.0 

0.5 


5.0 

V 

Open-Loop Voltage Gain 

AVo - 1 to 4V, Rl > 10 Meg 0 

70 

80 


70 

80 


dB 

Delay Time* 

Pin 4 to Pin 9, AVin = 300mV 


300 



300 


ns 

Output Section (Each Output) | 

Collector Emitter Voltage 

Ic = 100//A 

60 

80 


50 

80 


V 

Collector Leakage Current 

VcE = 50V 


.1 

20 


.1 

20 

aA 

Saturation Voltage 

Ic = 20mA 

Ic = 200mA 


.2 

1 

.4 

2.2 


.2 

1 

.4 

2.2 

V 

V 

Emitter Output Voltage 

Ie = 50mA 

17 

18 


17 

18 


V 

Rise Time* 

Tj = 25°C, R = 2K 0 


200 



200 


ns 

Fall Time* 

Tj = 25*0, R = 2K fi 


100 



100 


ns 

Comparator Delay* 

Tj = 25°C, Pin 9 to output 


300 



300 


ns 

Shutdown Delay* 

Tj = 25°C, Pin 10 to Output 


200 



200 


ns 

Shutdown Threshold 

Tj = 25°C, Rc = 2K 0 

0.6 

.7 

1.0 

0.6 

.7 

1.0 

V 

Thermal Shutdown* 



165 



165 


“C 


* These parameters are guaranteed by design but not 100% tested in production. 


OPEN-LOOP TEST CIRCUIT 


Note: The UC1524A should be able to be tested in any 1524 test circuit with two possible exceptions: 

1. The higher gain-bandwidth of the current limit amplifier in the UC1524A may cause oscillations in an uncompensated 1524 
test circuit. 

2. The effect of the shutdown, pin 10, cannot be seen at the compensation terminal, pin 9, but must be observed at the outputs. 
The circuit below will allow all UC1524A functions to be evaluated. 
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INPUT (V) OUTPUT (V) uoo.lumiuh rnnyuuNu. QUIESCENT CURRENT (mA) 


UC1524A UC2524A UC3524A 


Supply Current vs Voltage 













Tj = -55°C 














_ 




f 




j I Note (Outputs off,' 

Rt= » 


17 1 





10 20 30 40 

SUPPLY VOLTAGE - V,n (V) 


Error Amplifier Voltage Gain 
and Phase vs Frequency 



lOk 100k 
FREQUENCY - (Hz) 


Pulse Width Modulator 
Transfer Function 





/“ 


ViN = 26 v 


/ 


Rt = 27000 

Tj= 25°C 

1 

// 




C 


/ 




Note Duty-Cycle is 
percent of two 

^ 


one output conducts 


PWM INPUT VOLTAGE (PIN 9) - (V) 


Oscillator Frequency vs Tirning 
Components 



Output Dead Time vs Timing 
Capacitor Value 


5 10 20 50 100 

TIMING RESISTOR - RrlkO) 


5 10 20 50 100 

TIMING CAPACITOR - Ct (nF) 


Output Saturation Voltage 



50 100 150 200 2! 

OUTPUT COLLECTOR CURRENT (mA) 


Current Limit Amplifier Delay 


Shutdown Delay From PWM 
Comparator -- Pin 9 


Turn-Off Delay From 
Shutdown — Pin 10 


kVkihl. 



mmmmmfi£MW 


ViN = 20V, L = 25°C 
..Pin 2 tied to Pin 16 . 
Pin 5 Grounded 
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LINEAR INTEGRATED CIRCUITS 

Regulating Pulse Width Modulators 


UC1525A UC1527A 
UC2525A UC2527A 
UC3525A UC3527A 


FEATURES 

• 8 to 35V operation 

• 5.1V reference trimmed to ±1% 

• lOOHz to 500kHz oscillator range 

• Separate oscillator sync terminal 

• Adjustable deadtime control 

• Internal soft-start 

• Pulse-by-pulse shutdown 

• Input undervoltage lockout with 
hysteresis 

• Latching PWM to prevent multiple 
pulses 

• Dual source/sink output drivers 


DESCRIPTION 

The UC1525A/1527A series of pulse width modulator integrated circuits are designed 
to offer improved performance and lowered external parts count when used in designing 
all types of switching power supplies. The on-chip +5. IV reference is trimmed to ±1% 
and the input common-mode range of the error amplifier includes the reference voltage, 
eliminating external resistors. A sync input to the oscillator allows multiple units to be 
slaved or a single unit to be synchronized to an external system clock. A single resistor 
between the Ct and the discharge terminals provide a wide range of dead time adjust- 
ment. These devices also feature built-in soft-start circuitry with only an external timing 
capacitor required. A shutdown terminal controls both the soft-start circuitry and the 
output stages, providing instantaneous turn off through the PWM latch with pulsed 
shutdown, as well as soft-start recycle with longer shutdown commands. These 
functions are also controlled by an undervoltage lockout which keeps the outputs off 
and the soft-start capacitor discharged for sub-normal input voltages. This lockout 
circuitry includes approximately 500mV of hysteresis for jitter-free operation. Another 
feature of these PWM circuits is a latch following the comparator. Once a PWM pulse has 
been terminated for any reason, the outputs will remain off for the duration of the period. 
The latch is reset with each clock pulse. The output stages are totem-pole designs 
capable of sourcing or sinking in excess of 200mA. The UC1525A output stage features 
NOR logic, giving a LOW output for an OFF state. The UC1527A utilizes OR logic which 
results in a HIGH output level when OFF. 


ABSOLUTE MAXIMUM RATINGS (Note 1) 

Supply Voltage, (+Vin) +40V 

Collector Supply Voltage (Vc) +40V 

Logic Inputs -0.3V to +5.5V 

Analog Inputs -0.3V to +Vin 

Output Current, Source or Sink 500mA 

Reference Output Current 50mA 

Oscillator Charging Current 5mA 

Power Dissipation at Ta= +25°C (Note 2) lOOOmW 

Thermal Resistance, Junction to Ambient 100®C/W 

Power Dissipation at Tc = +25°C (Note 3) 2000mW 

Thermal Resistance, Junction to Case 60°C/W 

Operating Junction Temperature -55®C to +150®C 

Storage Temperature Range -65°C to +150®C 

Lead Temperature (Soldering, 10 seconds) +300°C 


Notes: 1. Values beyond which damage may occur. 

2. Derate at 10mW/°C for ambient temperatures above +50°C. 

3. Derate at 16mW/°C for case temperatures above +25°C. 


RECOMMENDED OPERATING CONDITIONS (Note 4) 


Input Voltage (+Vin) +8V to +35V 

Collector Supply Voltage (Vc) +4.5V to +35V 

Sink/Source Load Current (steady state) 0 to 100mA 

Sink/Source Load Current (peak) 0 to 400mA 

Reference Load Current 0 to 20mA 

Oscillator Frequency Range lOOHz to 400kHz 

Oscillator Timing Resistor 2kQ to 150kfi 

Oscillator Timing Capacitor OOl^jF to 0.1/./F 

Dead Time Resistor Range 0 to 5000 

Operating Ambient Temperature Range 

UC1525A, UC1527A -55°C to +125°C 

UC2525A, UC2527A -25°C to +85°C 

UC3525A, UC3527A 0°C to +70°C 


Notes: 4. Range over which the device is functional and parameter limits 
are guaranteed. 


BLOCK DIAGRAM CONNECTION DIAGRAM 
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UC1525A UC1527A 
UC2525A UC2527A 

ELECTRICAL CHARACTERISTICS (+Vin = 20V, and over operating temperature, unless otherwise specified) UC3525A UC3527A 


PARAMETER 

TEST CONDITIONS 

UC1525A/UC2525A 

UC1527A/UC2527A 

UC3525A 

UC3527A 

UNITS 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

Reference Section | 

Output Voltage 

Tj = 2b^C 

5.05 

5.10 

5.15 

5.00 

5.10 

5.20 

V 

Line Regulation 

ViN = 8 to 35V 


10 

20 


10 

20 

mV 

Load Regulation 

II = 0 to 20mA 


20 

50 


20 

50 

mV 

Temperature Stability (Note 5) 

Over Operating Range 


20 

50 


20 

50 

mV 

Total Output Variation (Note 5) 

Line, Load, and Temperature 

5.00 


5.20 

4.95 


5.25 

V 

Short Circuit Current 

Vref = 0, Tj =25®C 


80 

100 


80 

100 

mA 

Output Noise Voltage (Note 5) 

lOHz < lOkHz, Tj = 25X 


40 

200 


40 

200 

juVrms 

Long Term Stability (Note 5) 

Tj = 125*0 


20 

50 


20 

50 

mV 

Oscillator Section (Note 6) | 

Initial Accuracy (Notes 5 & 6) 

Tj = 25*C 


±2 

±6 


±2 

±6 

% 

Voltage Stability (Notes 5 & 6) 

V,N = 8 to 35V 


±0.3 

±1 


±1 

±2 

% 

Temperature Stability (Note 5) 

Over Operating Range 


±3 

±6 


±3 

±6 

% 

Minimum Frequency 

Rt = 200kn, Ct = 0.1//F 



120 



120 

Hz 

Maximum Frequency 

Rt = 2kO, Ct = 470pF 

400 



400 



kHz 

Current Mirror 

Irt = 2mA 

1.7 

2.0 

2.2 

1.7 

2.0 

2.2 

mA 

Clock Amplitude (Notes 5 & 6) 


3.0 

3.5 


3.0 

3.5 


V 

Clock Width (Notes 5 & 6) 

Tj = 25*C 

0.3 

0.5 

1.0 

0.3 

0.5 

1.0 

A/s 

Sync Threshold 


1.2 

2.0 

2.8 

1.2 

2.0 

2.8 

V 

Sync Input Current 

Sync Voltage = 3.5V 


— 

1.0 

2.5 


1.0 

2.5 

mA 

Error Amplifier Section (Vcm = 5.1V) | 

Input Offset Voltage 



0.5 

5 


2 

10 

mV 

Input Bias Current 



1 

10 


1 

10 

//A 

Input Offset Current 




1 



1 

/^A 

DC Open Loop Gain 

Rl > 10 Meg Q 

60 

75 


60 

75 


dB 

Gain-Bandwidth Product 
(Note 5) 

Av = OdB, Tj = 25*C 

1 

2 


1 

2 


MHz 

DC Transconductance 
(Notes 5 & 7) 

Tj = 25*C, 30kO<RL<lMn 

1.1 

1.5 


1.1 

1.5 


mS 

Output Low Level 



0.2 

0.5 


0.2 

0.5 

V 

Output High Level 


3.8 

5.6 


3.8 

5.6 


V 

Common Mode Rejection 

Vcm = 1.5 to 5.2V 

60 

75 


60 

75 


dB 

Supply Voltage Rejection 

ViN = 8 to 35V 

50 

60 


50 

60 


dB 


Notes: 5. These parameters, although guaranteed over the recommended operating conditions, are not 100% tested in production. 

1 

6. Tested at fpsc = 40KHz (Rj = 3.6kO, Ct = 0.1/yF, Rd = OQ). Approximate oscillator frequency is defined by: f = Qy(o 7Rj + 3Ro) 

7. DC transconductance (gM) relates to DC open-loop voltage gain (Ay) according to the following equation: Ay = giviRu 
where Rl is the resistance from pin 9 to ground. 

The minimum gM specification is used to calculate minimum Ay when the error amplifier output is loaded. 
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UC1525A UC1527A 
UC2525A UC2527A 

ELECTRICAL CHARACTERISTICS (+Vin = 20V, and over operating temperature, unless otherwise specified) UC3525A UC3527A 


PARAMETER 

TEST CONDITIONS 

UC1525A/UC2525A 

UC1527A/UC2527A 

UC3525A 

UC3527A 

UNITS 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

PWM Comparator | 

Minimum Duty-Cycle 




0 



0 

% 

Maximum Duty-Cycle 


45 

49 


45 

49 


% 

Input Threshold (Note 6) 

Zero Duty-Cycle 

0.7 

0.9 


0.7 

0.9 


V 

Input Threshold (Note 6) 

Maximum Duty-Cycle 


3.3 

3.6 


3.3 

3.6 

V 

Input Bias Current (Note 5) 



.05 

1.0 


.05 

1.0 

aA 

Shutdown Section | 

Soft Start Current 

VsD = OV, Vss = OV 

25 

50 

80 

25 

50 

80 


Soft Start Low Level 

VsD = 2.5V 


0.4 

0.7 


0.4 

0.7 

V 

Shutdown Threshold 

To outputs, Vss = 5.1V, Tj = 25®C 

0.6 

0.8 

1.0 

0.6 

0.8 

1.0 

V 

Shutdown Input Current 

VsD = 2.5V 


0.4 

1.0 


0.4 

1.0 

mA 

Shutdown Delay (Note 5) 

VsD = 2.5V, Tj = 25‘’C 


0.2 

0.5 


0.2 

0.5 

juS 

Output Drivers (Each Output) (Vc = 20V) | 

Output Low Level 

IsiNK = 20mA 


0.2 

0.4 


0.2 

0.4 

V 

IsiNK = 100mA 


1.0 

2.0 


1.0 

2.0 

V 

Output High Level 

IsouRCE = 20mA 

18 

19 


18 

19 


V 

IsouRCE = 100mA 

17 

18 


17 

18 


V 

Under-Voltage Lockout 

VcoMP and Vss = High 

6 

7 

8 

6 

7 

8 

V 

Collector Leakage 

Vc = 35V 



200 



200 


Rise Time (Note 5) 

Cl = InF, T] = 25°C 


100 

600 


100 

600 

ns 

Fall Time (Note 5) 

Cl = Inf, T| =25‘’C 


50 

300 


50 

300 

ns 

Total Standby Current | 

Supply Current 

Vin = 35V I 1 14 

20 1 

14 

20 

mA 


Notes: 5. These parameters, although guaranteed over the recommended operating conditions, are not 100% tested in production. 
6. Tested at fosc = 40KHz (Rj =3.6 kQ, Cj = 0.1//F, Rd = OO). 
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PRINCIPLES OF OPERATION AND TYPICAL CHARACTERISTICS 


UC1525A UC1527A 
UC2525A UC2527A 
UC3525A UC3527A 


UC1525A Output Circuit 

(V 2 Circuit Shown) 



UC1525A Output Saturation 
Characteristics 



.01 .02 .03.04.05.07 .10 .2 .3 .4 .5 .7 lA 

OUTPUT CURRENT, SOURCE OR SINK (A) 



For single-ended supplies, the driver outputs are grounded. In conventional push-pull bipolar designs, forward base drive 

The Vc terminal is switched to ground by the totem-pole source is controlled by R1-R3. Rapid turn-off times for the power 

transistors on alternate oscillator cycles. devices are achieved with speed-up capacitors Ci and C 2 . 



The low source impedance of the output drivers provides rapid 
charging of power FET input capacitance while minimizing 
external components. 



Low power transformers can be driven directly by the UC1525A. 
Automatic reset occurs during dead time, when both ends of 
the primary winding are switched to ground. 
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PRINCIPLES OF OPERATION AND TYPICAL CHARACTERISTICS 


UC1525A UC1527A 
UC2525A UC2527A 
UC3525A UC3527A 


SHUTDOWN OPTIONS (See Block Diagram) 

Since both the compensation and soft-start terminals (Pins 9 
and 8) have current source pull-ups, either can readily accept 
a pull-down signal which only has to sink a maximum of 
lOOjjA to turn off the outputs. This is subject to the added 
requirement of discharging whatever external capacitance may 
be attached to these pins. 

An alternate approach is the use of the shutdown circuitry of 
Pin 10 which has been improved to enhance the available 
shutdown options. Activating this circuit by applying a positive 
signal on Pin 10 performs two functions: the PWM latch is 
immediately set providing the fastest turn-off signal to the 
outputs; and a 150/t/A current sink begins to discharge the 
external soft-start capacitor. If the shutdown command is 
short, the PWM signal is terminated without significant 
discharge of the soft-start capacitor, thus, allowing, for 
example, a convenient implementation of pulse-by-pulse 
current limiting. Holding Pin 10 high for a longer duration, 
however, will ultimately discharge this external capacitor, 
recycling slow turn-on upon release. 

Pin 10 should not be left floating as noise pickup could 
conceivably interrupt normal operation. 


UC1525A Oscillator Schematic 



CLOCK 


Oscillator Charge Time 
vs. Rt and Ct 



CM in o o o 

■-I CM m 

CHARGE TIME (/us) 



CM lOf-iCM moo oo 

CD CD CM m o 

DISCHARGE TIME (fjs) 


UC1525A Error Amplifier 



Error Amplifier Voltage Gain 
and Phase vs Frequency 
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MECHANICAL SPECIFICATIONS 


UC1525A UC1527A 
UC2525A UC2527A 
UC3525A UC3527A 


0 310 (7 88) 
-0.290 (7,36) 
0 280 (7 11) 


hh-' 

rSi 


0 785 (20 0) 


I 0 755 (19 1) n 

©©(SxO)®®®® 

ljkiSAA/\..iOif A .i3l 


UC1525A UC1527A 
UC2525A UC2527A 
UC3525A UC3527A 


0 025 (0 63) R NOM 


©(I)(3)0®(lXzXI) 


0 245 (6.22) 

-0 050 (1.27) NOM 


0 020 (0.51) 
MIN 


SEATING PLANE - 
. 0.014 (0 356) 

1 fi PI ACES JiWo.008 (0 203) 

16 PLACES i6pl';^cES 


Dimensions in inches and (millimeters) 


0 200 (5 08) 
MAX 


I 




K-0 070 (1 78) MAX 16 PLACES 


0 130 (3.30) 

MIN 

0 012 (0.304) MIN 
4 PLACES 




GLASS 

SEALANT 


.030 (0.76) MIN 
" PLACES 


:02 3 J0_ 584) p 
,015(0.381) 


0-0 5 . 0 ..a.g7) 4 places 

PIN SPACING 0 100 (2 54) T.P 0 015 (0 38) 


OIL- 16 J CERAMIC 



^ 0 300 ±0 010 
- (7 62 ± 0 26) 

0 250 ±0 010 
,, "(6 35 ± 0 26) 

0-010 (0 25) NOM 
^05° ^SEATING PLANE 

00° J\^0.011 ± 0.003 
(0 279 ± 0 076) 



UC2525A UC2527A 
[^0 870 (22.1) MAX UC3525A UC3527A 

A.r>£> 

Z) 

U U U U vj UTJ 'wT 

(DCIXl)©®®©® 


0 200 (5 08) MAX 


0 125 (3 17) MIN 

0 095 (2 41) - 
0 015 (0 38) 
4 PLACES 



0.070 (1 78) MAX 16 PLACES 


0 033 (0 83) MIN 
12 PLACES 


0.018 ± 0.003 
(0.457 ± 0 076) 
16 PLACES 


PIN SPACING 0.100 (2 54) T P 


Dimensions in inches and (millimeters) 


DIL16 N PLASTIC 



Note: When ordering, add suffix “J" (for 16 pm ceramic package) or "N” (for 16 pin plastic package) to the part number. 


UNITRODE CORPORATION • 5 FORBES ROAD 
LEXINGTON, MA 02173 • TEL. (617) 861-6540 
TWX (710) 326-6509 • TELEX 95-1064 


3-55 


PRINTED IN U.S.A. 




LINEAR INTEGRATED CIRCUITS 

Regulating Pulse Width Modulator 


UC1526 

UC2526 

UC3526 


FEATURES 

• 8 to 35V operation 

• 5V reference trimmed to ±1% 

• IHz to 400kHz oscillator range 

• Dual 100mA source/sink outputs 

• Digital current limiting 

• Double pulse suppression 

• Programmable deadtime 

• Under-voltage lockout 

• Single pulse metering 

• Programmable soft-start 

• Wide current limit common mode range 

• TTL/CMOS compatible logic ports 

• Symmetry correction capability 

• Guaranteed 6 unit synchronization 


DESCRIPTION 

The UC1526 is a high performance monolithic pulse width modulator circuit designed 
for fixed-frequency switching regulators and other power control applications. Included 
in an 18-pin dual-in-line package are a temperature compensated voltage reference, 
sawtooth oscillator, error amplifier, pulse width modulator, pulse metering and steering 
logic, and two low impedance power drivers. Also included are protective features such 
as soft-start and under-voltage lockout, digital current limiting, double pulse inhibit, a 
data latch for single pulse metering, adjustable deadtime, and provision for symmetry 
correction inputs. For ease of interface, all digital control ports are TTL and B-series 
CMOS compatible. Active LOW logic design allows wired-OR connections for maximum 
flexibility. This versatile device can be used to implement single-ended or push-pull 
switching regulators of either polarity, both transformerless and transformer coupled. 
The UC1526 is characterized for operation over the full military temperature range of 
-55®C to +125®C. The UC2526 is characterized for operation from -25®C to +85°C, and 
the UC3526 is characterized for operation from 0®C to +70®C. 


ABSOLUTE MAXIMUM RATINGS (Note 1) 

Input Voltage (+Vin) ....+40V 

Collector Supply Voltage (+Vc) +40V 

Logic Inputs -0.3V to +5.5V 

Analog Inputs -0.3V to +Vin 

Source/Sink Load Current (each output) 200mA 

Reference Load Current 50mA 

Logic Sink Current 15mA 

Power Dissipation at Ta = +25®C (Note 2) lOOOmW 

Thermal Resistance, Junction to Ambient 100®C/W 

Power Dissipation at Tc = +25°C (Note 3) 3000mW 

Thermal Resistance, Junction to Case 42®C/W 

Operating Junction Temperature +150®C 

Storage Temperature Range -65®C to +150®C 

Lead Temperature (soldering, 10 seconds) +300®C 


Notes: 1. Values beyond which damage may occur. 

2. Derate at 10mW/°C for ambient temperatures above +50°C. 

3. Derate at 24mW/“C for case temperatures above +25°C. 


RECOMMENDED OPERATING CONDITIONS (Note 4) 


Input Voltage -t-SV to +35V 

Collector Supply Voltage -h 4.5V to -^35V 

SInk/Source Load Current (each output) 0 to 100mA 

Reference Load Current 0 to 20mA 

Oscillator Frequency Range IHz to 400kHz 

Oscillator Timing Resistor 2kQ to 150kO 

Oscillator Timing Capacitor InF to 20yuF 

Available Deadtime Range at 40kHz 3% to 50% 

Operating Ambient Temperature Range ■ 

UC1526 -bb^C to +125^0 

UC2526 -25*^0 to +85^0 

UC3526 0°C to +70°C 


Note: 4. Range over which the device is functional and parameter limits 
are guaranteed. 


BLOCK DIAGRAM 


CONNECTION DIAGRAM 
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UC1526 

UC2526 

ELECTRICAL CHARACTERISTICS (+Vin = 15V, and over operating ambient temperature, unless otherwise specified) UC3526 


PARAMETER 

TEST CONDITIONS 

UC1526/UC2526 

UC3526 

UNITS 

1 MIN. 

TYP. I MAX. 

MIN. 

TYP. 1 MAX. 

Reference Section (Note 5) | 

Output Voltage 

Tj= +25°C 

4.95 

5.00 

5.05 

4.90 

5.00 

5.10 

V 

Line Regulation 

-hVin = 8 to 35V 


10 

20 


10 

30 

mV 

Load Regulation 

II = 0 to 20mA 


10 

30 


10 

50 

mV 

Temperature Stability 

Over Operating Tj 


15 

50 


15 

50 

mV 

Total Output 

Voltage Range 

Over Recommended 

Operating Conditions 

4.90 

5.00 

5.10 

4.85 

5.00 

5.15 

V 

Short Circuit Current 

Vref = OV 

25 

50 

100 

25 

50 

100 

mA 

Under-Voltage Lockout | 

RESET Output Voltage 

Vref - 3.8V 


0.2 

0.4 


0.2 

0.4 

V 

RESET Output Voltage 

Vref = 4.8V 

2.4 

4.8 


2.4 

4.8 


V 

Oscillator Section (Note 6) | 

Initial Accuracy 

Tj = +25°C 


±3 

±8 


±3 

±8 

% 

Voltage Stability 

-^ViN = 8 to 35V 


0.5 

1 


0.5 

1 

% 

Temperature Stability 

Over Operating Tj 


7 

10 


3 

5 

% 

Minimum Frequency 

Rt = 150kO, Ct = 0.2mF 



100 



100 

Hz 

Maximum Frequency 

Rt = 2kn, Ct = 470pF 

400 



400 



kHz 

Sawtooth Peak Voltage 

-hV.n = 35V 


3.0 

3.5 


3.0 

3.5 

V 

Sawtooth Valley Voltage 

+ 

< 

z 

tl 

00 

< 

0.5 

1.0 


0.5 

1.0 


V 

Error Amplifier Section (Note 7) | 

Input Offset Voltage 

Rs < 2kO 


2 

5 


2 

10 

mV 

Input Bias Current 



-350 

-1000 


-350 

-2000 

nA 

Input Offset Current 



35 

100 


35 

200 

nA 

DC Open Loop Gain 

Rl > 10 Meg 0 

64 

72 


60 

72 


dB 

HIGH Output Voltage 

Vpinl-Vpin2>150mV, Uource = 100/yA 

3.6 

4.2 


3.6 

4.2 


V 

LOW Output Voltage 

Vpin2-Vpinl>150mV, Umk = 100/iA 


0.2 

0.4 


0.2 

0.4 

V 

Common Mode Rejection 

Rs < 2kO 

70 

94 


70 

94 


dB 

Supply Voltage Rejection 

-^V.N = 12 to 18V 

66 

80 


66 

80 


dB 

P.W.M. Comparator (Note 6) | 

Minimum Duty Cycle 

Vcompensation "" ■*‘0.4V 



0 



0 

% 

Maximum Duty Cycle 

Vcompensation ~ ■*"3.6V 

45 

49 


45 

49 


% 

Digital Ports (SYNC, SHUTDOWN, and RESET) | 

HIGH Output Voltage 

1 source ~ 40// A 

2.4 

4.0 


2.4 

4.0 


V 

LOW Output Voltage 

Isink = 3.6mA 


0.2 

0.4 


0.2 

0.4 

V 

HIGH Input Current 

V,H = +2.4V 


-125 

-200 


-125 

-200 

/iA 

LOW Input Current 

V,u = +0.4V 


-225 

-360 


-225 

-360 

/iA 


Notes: 5. Il = 0mA. 

6. Fosc = 40kHz (Rt = 4.12kO ± 1%. Ct = O.Olfji? ± 1%, Rd = OQ 

7. VcM = 0 to +5.2V 
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UC1526 

UC2526 


ELECTRICAL CHARACTERISTICS (+Vin = 15V, and over operating ambient temperature, unless otherwise specified) UC3526 


PARAMETER 

TEST CONDITIONS 

UC1526/UC2526 

UC3526 

UNITS 

MIN. 1 TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

Current Limit Comparator (Note 8) | 

Sense Voltage 

Rs < 50Q 

90 

100 

no 

80 

100 

120 

mV 

Input Bias Current 



-3 

-10 


-3 

-10 

//A 

Soft-Start Section | 

Error Clamp Voltage 

RESET = +0.4V 


0.1 

0.4 


0.1 

0.4 

V 

Cs Charging Current 

RESET = -I-2.4V 

50 

100 

150 

50 

100 

150 

jjA 

Output Drivers (Each Output) (Note 9) | 

HIGH Output Voltage 

• source = 20 mA 

12.5 

13.5 


12.5 

13.5 


V 

Isource = 100mA 

12 

13 


— 

12 

13 


V 

LOW Output Voltage 

Isink = 20mA 


0.2 

0.3 


0.2 

0.3 

V 

Isink = 100mA 


1.2 

2.0 


1.2 

2.0 

V 

Collector Leakage 

Vc = 40V 


50 

150 


50 

150 

//A 

Rise Time 

Cl = lOOOpF 


0.3 

0.6 


0.3 

0.6 

fJS 

Fall Time 

Cl = lOOOpF 



0.2 


0.1 

0.2 

fJS 

Power Consumption (Note 10) 

Standby Current 

SHUTDOWN = +0.4V 


18 

25 


18 

25 

mA 


Notes: 8. Vcm = 0 to +12V 
9. Vc = +15V 

10. +V,N = +35V, Rt = 4.12kn 


PACKAGE DIMENSIONS 



TYP. 


„ 0310 ■ 

0.290 n 

ir'T=^l 


W U- 0° - 15“ 


0.015 

0.008 


I— ir-irnr-ii-ii-i i-ii-ir-i 


□ 


u u Li 

U U LT U U 

0.940 


0.910 


“T 

0.260 

0.240 



0.200 

MAX. 


0.200 

0.125 


J Package N Package 

18-Pin Cerdip' 18-Pin Plastic Dip 

Alloy 42 Leadframe Copper Alloy Leadframe 
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SHUTDOWN - (V) DEADTIME - Qis) 


TYPICAL CHARACTERISTICS 


UC1526 

UC2526 

UC3526 



1 2 5 10 20 50 100 200 500 1ms 2ms 5ms 10ms 20ms 50ms 100ms 200ms 500ms IS 2 S 5 S 

OSCILLATION PERIOD 
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Shutdown Delay 



-75 -50 -25 0 25 50 75 100 125 150 

JUNCTION TEMPERATURE - (°C) 
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APPLICATIONS INFORMATION 
Voltage Reference 

The reference regulator of the UC1526 is based on a temperature 
compensated zener diode. The circuitry is fully active at supply 
voltages above +8V, and provides up to 20mA of load current to 
external circuitry at +5.dV. In systems where additional current is 
required, an exterrial PNP transistor can be used to boost the 
available current. A rugged low frequency audio-type transistor 
should be used, and lead lengths between the PWM and transistor 
should be as short as possible to minimize the risk of oscillations. 
Even so, some types of transistors may require collector-base 
capacitance for stability. Up to 1 amp of load current can be 
obtained with excellent regulation if the device selected 
maintains high current gain. 


UC1526 

UC2526 

UC3526 

Soft-Start Circuit 

The soft-start circuit protects the power transistors and rectifier 
diodes from high current surges during power supply turn-on. 
When supply voltage is first applied to the UC1526, the under- 
voltage lockout circuit holds RESET LOW with Q3. Qi is turned on, 
which holds the soft-start capacitor voltage at zero. The second 
collector of Qi clamps the output of the error amplifier to ground, 
guaranteeing zero duty cycle at the driver outp uts. Wh en the 
supply voltage reaches normal operating range, RESET will go 
HIGH. Qi turns off, allowing the internal 100//A current source to 
charge Cs. Q 2 clamps the error amplifier output to IVbe above the 
voltage on Cs. As the soft-start voltage ramps up to +5V, the duty 
cycle of the PWM linearly increases to whatever value the voltage 
regulation loop requires for an error null. 



Figure 1. Extending Reference Output Current 


Under- Voltage Lockout 

The under-voltage lockout circuit protects the UC1526 and the 
power devices it controls from inadequate supply voltage. If+ViNis 
too low , the circuit disables the output drivers and holds the 
RESET pin LOW. This prevents spurious output pulses while the 
control circuitry is stabilizing, and holds the soft-start timing 
capacitor in a discharged state. 

The circuit consists of a -t-1.2V bandgap reference and 
comparator circuit which is active when the reference voltage has 
risen to SVaeor +1.8V at 25° C. When the reference voltage rises to 
approximately +4.4V, the circuit enables the output drivers and 
releases the RESET pin, allowing a normal soft-start. The 
comparator has 200mV of hysteresis to minimize oscillation at 
the trip point. When +Vin to the PWM is remove d and th e reference 
drops to +4.2V, the under-voltage circuit pulls RESET LOW again. 
The soft-start capacitor is immediately discharged, and the PWM 
is ready for another soft-start cycle. 

The UC1526 can operate from a +5V supply by connecting the 
Vref pin to the +Vin pin and maintaining the supply between +4.8 
and +5.2V. 


Vref 



Figure 3. Soft-Start Circuit Schematic 


Digital Control Ports 

The three digital control ports of the UC1526 are bi-directional. 
Each pin can drive TTL and 5V CMOS logic directly, up to a fan-out 
of 10 low-power Schottky gates. Each pin can also be directly 
driven by open-collector TTL, open-drain CMOS, and open- 
collector voltage comparators; fan-in is equivalent to 1 low-power 
Schottky gate. Each port is normally HIGH; the pi n is pulled LOW 
to activate the particular function. Driving S YNC LOW init iates a 
discharge cycle in the oscillator. Pulling SHUT DOWN LOW 
immediately inhibits all PWM output pulses. Holding RESET LOW 
discharges the soft-start capacitor. The logic threshold is +1. IV at 
+25°C. Noise immunity can be gained at the expense of fan-out 
with an external 2K pull-up resistor to +5V. 


Vref 



TO RESET 

TO DRIVER A 
TO DRIVER B 



Figure 2. Under-Voltage Lockout Schematic 
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Oscillator 

The oscillator is programmed for frequency and dead time with 
three components; Rt, Grand Rd. Two waveforms are generated; a 
sawtooth waveform at pin 10 for pulse width modulation, and a 
logic clock at pin 12. The following procedure is recommended for 
choosing timing values; 

1. With Rd = OQ (pin 11 shorted to ground) select values for Rr 
and Ct from Figure 7 to give the desired oscillator period. 
Remember that the frequency at each driver output is half 
the oscillator frequency, and the frequency at the +Vc 
terminal is the same as the oscillator frequency. 

2. If more dead time is required, select a larger value of Rd. At 
40kHz dead time increases by 400ns/Q. 

3. Increasing the dead time will cause the oscillator frequency 
to decrease slightly. Go back and decrease the value of Rt 
slightly to bring the frequency back to the nominal design 
value. 

The UC1526 can be synchronized to an external logic clock by 
programming the oscillator to free-run at a frequency 10% slower 
than the sync frequency. A period ic LOW logic pulse 
approximately 03/js wide at the SYNC pin will then lock the 
oscillator to the external frequency. 

Multiple devices can be synchronized together by programming 
one master unit for the desired frequency, and then sharing its 
sawtooth and clock waveforms with the slave units. All Ct 
terminals are connected to the Ct pin of t he ma ster, and ail SYNC 
terminals are likewise connected to the SYNC pin of the master. 
Slave Rt terminals are left open or connected to Vref- Slave Rd 
terminals may be either left open or grounded. 



Figure 5. Oscillator Connections and Waveforms 
Error Amplifier 

The error amplifier is a transconductance design, with an output 
impedance of 2Mn. Since all voltage gain takes place at the 
output pin, the open-loop gain/frequency characteristics can be 
controlled with shunt reactance to ground. When compensated 
for unity-gain stability with lOOpF, the amplifier has an open-loop 
pole at 400Hz. 

The input connections to the error amplifier are determined by 
the polarity of the switching supply output voltage. For positive 
supplies, the common-mode voltage is +5.0V and the feedback 
connections in Figure 6A are used. With negative supplies, the 
common-mode voltage is ground and the feedback divider is 
connected between the negative output and the +5.0V reference 
voltage, as shown in Figure 6B. 




UC1526 

UC2526 

Output Drivers UC3526 

The totem-pole output drivers of the UC1526 are designed to 
source and sink 100mA continuously and 200mA peak. Loads 
can be driven either from the output pins 13 and 16, or from the 
-»-Vc, as required. 

Since the bottom transistor of the totem-pole is allowed to 
saturate, there is a momentary conduction path from the +Vc 
terminal to ground during switching. To limitthe resulting current 
spikes a small resistor in series with pin 14 is always 
recommended. The resistor value is determined by the driver 
supply voltage, and should be chosen for 200mA peak currents. 



Figure 7. Push-Pull Configuration 



Figure 8. Single-Ended Configuration 



Figure 6. Error Amplifier Connections 


Figure 9. Driving N -Channel Power Mosfets 
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LINEAR INTEGRATED CIRCUITS 

Power Supply Supervisory Circuit 


UC1543 UC1544 
UC2543 UC2544 
UC3543 UC3544 


FEATURES 

• Includes over-voltage, under-voltage, 
and current sensing circuits 

• Internal 1% accurate reference 

• Programmable time delays 

• SCR “crowbar” drive of 300mA 

• Remote activation capability 

• Optional over-voltage latch 

• Uncommitted comparator inputs for 
low voltage sensing 

(UC1544 series only) 


DESCRIPTION 

These monolithic integrated circuits contain all the functions necessary to monitor and 
control the output of a sophisticated power supply system. Over-voltage (O.V.) sensing 
with provision to trigger an external SCR “crowbar” shutdown; an under-voltage (U.V.) 
circuit which can be used to monitor either the output or to sample the input line 
voltage; and a third op amp/comparator usable for current sensing (C.L.) are all 
included in this 1C, together with an independent, accurate reference generator. 

Both over- and under-voltage sensing circuits can be externally programmed for 
minimum time duration of fault before triggering. All functions contain open collector 
outputs which can be used independently or wire-or’ed together, and although the SCR 
trigger is directly connected only to the over-voltage sensing circuit, it may be optionally 
activated by any of the other outputs, or from an external signal. The O.V. circuit also 
includes an optional latch and external reset capability. 

The UC1544/2544/3544 devices have the added versatility of completely uncommitted 
inputs to the voltage sensing comparators so that levels less than 2.5V may be 
monitored by dividing down the internal reference voltage. 


The current sense circuit may be used with external compensation as a linear amplifier 
or as a high-gain comparator. Although nominally set for zero input offset, a fixed 
threshold may be added with an external resistor. Instead of current limiting, this circuit 
may also be used as an additional voltage monitor. 


The reference generator circuit is internally trimmed to eliminate the need for external 
potentiometers and the entire circuit may be powered directly from either the output 
being monitored or from a separate bias voltage. 


ABSOLUTE MAXIMUM RATINGS 

Input Supply Voltage, Vin 40V 

Sense Inputs, Voltage Range 0 to Vin 

SCR Trigger Current -600mA* 

Indicator Output Voltage 40V 

Indicator Output Sink Current 50mA 

Power Dissipation (Package Limitation) lOOOmW 

Derate Above 25®C 8.0mW/®C 

Operating Temperature Range 

UC1543, UC1544 -55°C to +125®C 

UC2543, UC2544 -25‘’C to +85°C 

UC3543, UC3544 OX to +70X 

Storage Temperature Range -65°C to +150®C 


*At higher input voltages, a dissipation limiting resistor, Rq, is required. 
Note: Currents are positive-into, negative-out of the specified terminal. 


BLOCK DIAGRAM 



CONNECTION DIAGRAMS 


DIL-16 (TOP VIEW) 

UC1543 

J or N PACKAGE 

UC2543 



UC3543 

SCR TRIGGER \T 


mv.. 

REMOTE 

ACTIVATE 


^Vref 

RESET [T 


TTj GROUND 

O.V. INDICATE [T 


13] C.L. OUTPUT 

O.V. DELAY \J_ 


H] OFFSET/COMP 

O.V. INPUT [T 


111 C.L N.l. INPUT 

U.V. INPUT [T 


To] C.L. INV INPUT 

U.V. DELAY [jj 


9J U.V. INDICATE 




DIL-18 (TOP VIEW) 

UC1544 

J or N PACKAGE 

UC2544 


L ; 

UC3544 

SCR TRIGGER [T 


11] V,N 

REMOTE rj- 
ACTIVATE 


m Vref 

RESET [T 


H] GROUND 

O.V, INDICATE [T 


IF] C.L. OUTPUT 

O.V. DELAY IX 


14] OFFSET/COMP 

O.V. N.l. INPUT X 


IF] C.L. N.l. INPUT 

O.V. INV INPUT X 


12] C.L. INV INPUT 

U.V. N.l. INPUT X 


n] U.V. INDICATE 

U.V. INV INPUT X 


To] U.V. DELAY 




Note: For each terminal, first number refers to 1543 series, second to 1544 series. 
★ On 1543 series, this function is internally connected to Vref. 
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UC1543 UC1544 
UC2543 UC2544 
UC3543 UC3544 

ELECTRICAL CHARACTERISTICS (Unless otherwise stated, these specifications apply for Ta = -55®C to +125°C for the UC1543 & 

UC1544: -25°C to +85“C for the UC2543 & UC2544: and 0"C to +70"C for the UC3543 & UC3544: 
and for Vin = 5 to 35V. Electrical tests are performed with Vin = lOV and 2kQ pull-up resistors on 
all indicator outputs. All electrical ratings and specifications for the UC1544, UC2544 & UC3544 
devices are tested with the inverting over-voltage input and the non-inverting under-voltage input 
externally connected to the 2.5V reference.) 


PARAMETER 

TEST CONDITIONS 

UC1543/UC2543 

UC1544/UC2544 

UC3543 

UC3544 

UNITS 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

Input Voltage Range 

Tj = 25°C to Tmax 

4.5 


40 

4.5 


40 

V 

Input Voltage Range 

< 

1- 

0 

z 

1 
1- 

4.7 


40 

4.7 


40 

V 

Supply Current 

Vin = 40V, Outputs Open 


7 

10 


7 

10 

mA 

Reference Section | 

Output Voltage 

Tj = 25‘’C 

2.48 

2.50 

2.52 

2.45 

2.50 

2.55 

V 

Output Voltage 

Over Temperature Range 

2.45 


2.55 

2.40 


2.60 

V 

Line Regulation 

ViN = 5 to 30V 


1 

5 


1 

5 

mV 

Load Regulation 

Iref = 0 to 10mA 


1 

10 


1 

10 

mV 

Short Circuit Current 

Vref = 0 

-12 

-20 

-40 

-12 

-20 

-40 

mA 

Temperature Stability 



50 



50 


ppm/®C 

SCR Trigger Section | 

Peak Output Current 

ViN = 5V, Rg = 0, Vo = 0 

-100 

-300 

-600 

-100 

-300 

-600 

mA 

Peak Output Voltage 

ViN = 15V, lo = -100mA 

12 

13 


12 

13 


V 

Output Off Voltage 

ViN = 40V 


0 

0.1 


0 

0.1 

V 

Remote Activate Current 

R/A Pin = Gnd 


-0.4 

-0.8 


-0.4 

-0.8 

mA 

Remote Activate Voltage 

R/A Pin Open 


2 

6 


2 

6 

V 

Reset Current 

Reset = Gnd, R/A = Gnd 


-0.4 

-0.8 


-0.4 

-0.8 

mA 

Reset Voltage 

Reset Open, R/A = Gnd 


2 

6 


2 

6 

V 

Output Current Rise Time 

Rl = 500, Tj = 25°C, Cd = 0 


400 



400 


mA//ys 

Prop. Delay from R/A 


300 



300 


ns 

Prop. Delay from 0/V input 


500 




500 


ns 

Comparator Sections | 

Input Threshold (Input 
voltage rising on O.V. 
and falling on U.V.) 

Tj = 25°C 

2.45 

2.50 

2.55 

2.40 

2.50 

2.60 

V 

Over Temperature Range 

2.40 


2.60 

2.35 


2.65 

V 

Input Hysteresis 



25 



25 


mV 

Input Bias Current 

Sense Input = OV 


-0.3 

-1.0 


-0.3 

-1.0 

M 

Delay Saturation 



0.2 

0.5 


0.2 

0.5 

V 

Delay High Level 



6 

7 


6 

7 

V 

Delay Charging Current 

< 

D 

II 

o 

-200 

-250 

-300 

-200 

-250 

-300 


Indicate Saturation 

II = 10mA 


0.2 

0.5 


0.2 

0.5 

V 

Indicate Leakage 

Vino = 40V 


.01 

1.0 


.01 

1.0 

aA 

Propagation Delay 

Input Overdrive = 200mV 

Tj = 25"C 

O 

II 

O 

o 


400 



400 


ns 

Co = 1//F 


10 



10 


ms 

Current Limit Section | 

Input Voltage Range 


0 


(V,n-3V) 

0 


(V,n-3V) 

V 

Input Bias Current 

Offset Pin Open, Vcm = 0 


-0.3 

-1.0 


-0.3 

-1.0 


Input Offset Voltage 

Offset Pin Open, Vcm = 0 


0 

10 


0 

10 

mV 

Input Offset Voltage 

lOkQ from Offset Pin to Gnd 

80 

100 

120 

80 

100 

120 

mV 

CMRR 

0<Vcm<12V, Vin= 15V 

60 

70 


60 

70 


dB 

AVOL 

Offset Pin Open, Vcm = OV 

72 

80 


72 

80 


dB 

Output Saturation 

II = 10mA 


0.2 

0.5 


0.2 

0.5 

V 

Output Leakage 

Vino = 40V 


.01 

1.0 


.01 

1.0 

aA 

Small Signal Bandwidth 

Av = OdB, Tj = 25*0 


5 



5 


MHz 

Propagation Delay 

Voverdrive = lOOmV, Tj = 25°C 


200 



200 


ns 
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(dB) DELAY CAPACITANCE - (MICROFARADS) Rg SERIES GATE RESISTANCE - (OHMS) 


UC1543 UC1544 
UC2543 UC2544 
UC3543 UC3544 


SCR Trigger Power Limiting 



0 5 10 15 20 25 30 35 40 

ViN SUPPLY VOLTAGE - (VOLTS) 


Comparator Input Hysteresis 



2.46 2.48 2.50 2.50 2.52 2.54 

SENSE INPUT VOLTAGE - (VOLTS) 


Activation Delay vs 

Capacitor Value Current Limit Input Threshold 



DELAY TIME - (MILLISECONDS) Rt THRESHOLD SETTING RESISTOR - (OHMS) 


Current Limit Amplifier 

Current Limit Amplifier Gain Frequency Response 



FREQUENCY - (HERTZ) FREQUENCY - (HERTZ) 
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UC1543 UC1544 
UC2543 UC2544 
UC3543 UC3544 


APPLICATIONS (Pin Numbers given for UC1543 series devices) 


Typical Application 

BIAS SUPPLY 



The values for the external components are deter- 
mined as follows; 


Current limit input threshold, Vm *= — 

C, is determined by the current loop dynamics 

Vth / R2 \ 

Peak current to load, 'P - ^ " r— 

Vth 

Short circuit current, Isc = — — 


Low output vo^tagejimit, 2.5 (R 4 Rs + Ra) 
High output voltage^imit 2.5 (R 4 + Rs Re) 


Voltage sensing delay, ta = 10,000 Cd 
SCR trigger power limiting resistor, Rg > 


V,N -5 
0.2 


Sensing Multiple Supply Voltages 



Input Line Monitor 



PIN 8 
DELAY 



2.5V 


MAIN 

SUPPLY 


Overcurrent Shutdown 



PIN 9 - 

OUTPUT 


LJ~ 


OFF 

ON 
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LINEAR INTEGRATED CIRCUITS 

Switched Mode Controller for DC Motor Drive 


UC1637 

UC2637 

UC3637 


FEATURES 

• Single or dual supply operation 

• ± 2.5V to ± 20V input supply range 

• ± 5% initial oscillator accuracy; ± 10% 
over temperature 

• Pulse-by-pulse current limiting 

• Under-voltage lockout 

• Shutdown input with temperature 
compensated 2.5V threshold 

• Uncommitted PWM comparators for 
design flexibility 

• Dual 100mA, source/sink output 
drivers 


DESCRIPTION 

The UC1637 is a pulse width modulator circuit intended to be used for a variety of PWM 
motor drive and amplifier applications requiring either uni-directional or bi-directional 
drive circuits. When used to replace conventional drivers, this circuit can increase 
efficiency and reduce component costs for many applications. All necessary circuitry is 
included to generate an analog error signal and modulate two bi-directional pulse train 
outputs in proportion to the error signal magnitude and polarity. 

This monolithic device contains a sawtooth oscillator, error amplifier, and two PWM 
comparators with ± 100mA output stages as standard features. Protection circuitry 
includes under-voltage lockout, pulse-by-pulse current limiting, and a shutdown port 
with a 2.5V temperature compensated threshold. 

The UC1637 is characterized for operation over the full military temperature range of 
-55°C to -•■125®C, while the UC2637 and UC3637 are characterized for -25‘’C to +85°C 
and 0®C to +70®C, respectively. 


BLOCK DIAGRAM 







UC1637 

UC2637 

UC3637 


ABSOLUTE MAXIMUM RATINGS (Note 1) 

Supply Voltage (±Vs) +20V 

Output Current, Source/Sink (Pins 4, 7) 500mA 

Analog Inputs (Pins 1, 2, 3, 8, 9, 10, 11, 12, 13, 14, 15, 16) ±Vs 

Error Amplifier Output Current (Pin 17) ±20mA 

Oscillator Charging Current (Pin 18) -2mA 

Power Dissipation at Ta = 25°C lOOOmW 

Derate at 10mW/°C For Ta Above 50°C 

Power Dissipation at Tc = 25°C 2000W 

Derate at 16mW/“C for Tc above 25®C 

Thermal Resistance, Junction to Ambient 100®C/W 

Thermal Resistance, Junction to Case 60®C/W 

Storage Temperature Range -65®C to +150°C 

Lead Temperature (Soldering, 10 Seconds) +300®C 


Note: 1. Currents are positive into, negative out of the specified terminal. 


CONNECTION DIAGRAM 


DIL-18 (TOP VIEW) 


J or N PACKAGE 


+Vth [T 


1^ IsET 

Ct |T 


Tj] E/A OUTPUT 

-Vth U 


Te] -E/A 

Aout 


H] +E/A 

-Vs (T 


14] SHUTDOWN 



13] -C/L 

Bout [|T 


I 2 ) +C/L 

+B,n E 


n\ +Ain 

-Bin E 


10 ] -A,n 


ELECTRICAL CHARACTERISTICS (Unless otherwise stated, thesespecificationsapplyforTA = -55“Cto+125®CforUC1637:-25°Cto+85°C 
for the UC2637; and 0°C to +70^0 for the UC3637; +Vs = +15V, -Vs = -15V, +Vth = 5V, -Vth = -5V, Rt = 
16.7kfi, Ct = 1500pF) ' 


PARAMETER 

TEST CONDITIONS 

UC1637/UC2637 

UC3637 

UNITS 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

Oscillator | 

Initial Accuracy 

Tj = 25°C 

9.4 

10 

10.6 

9 

10 

11 

kHz 

Voltage Stability 

Vs = ± 5V to ± 20V, Vp,N 1 = 3V 
Vp,n3= -3V 


5 

7 


5 

7 

% 

Temperature Stability 

Over Operating Range 


0.5 

2 


0.5 

2 

% 

+Vth Input Bias Current 

VpiN 2-6\I 

-10 

0.1 

10 

-10 

0.1 

10 


-Vth Input Bias Current 

Vp,N 2 = OV 

-10 

-0.5 


-10 

-0.5 


aA 

+Vth, -Vth Input Range 


+Vs-2 


-Vs+2 

+Vs-2 


-Vs+2 

V 

Error Amplifier | 

Input Offset Voltage 

VcM = OV 


1.5 

5 


1.5 

10 

mV 

Input Bias Current 

VcM = OV 


0.5 

5 


0.5 

5 

//A 

Input Offset Current 

> 

0 

II 

0 

> 


0.1 

1 


0.1 

1 

//A 

Common Mode Range 

Vs = ± 2.5 to 20V 

-Vs+2 


+Vs 

-Vs+2 


+Vs 

V 

Open Loop Voltage Gain 

Rl = lOK 

75 

100 


80 

100 


dB 

Slew Rate 



15 



15 


M/fis 

Unity Gain Bandwidth 









CMRR 

Over Common Mode Range 

75 

100 


75 

100 


dB 

PSRR 

Vs = ± 2.5V to ± 20V 

75 

no 


75 

no 


dB 

Output Sink Current 

Vp,N 17 = OV 


-50 

-20 


-50 

-20 

mA 

Output Source Current 

Vp,N 17 = OV 

5 

11 


5 

11 


mA 

High Level Output Voltage 


13 

13.6 


13 

13.6 


V 

Low Level Output Voltage 



-14.8 

-13 


-14.8 

-13 

V 

PWM Comparators | 

Input Offset Voltage 

< 

0 

II 

0 

< 


20 



20 


mV 

Input Bias Current 

< 

0 

II 

0 

< 


2 

10 


2 

10 


Input Hysteresis 

VcM = OV 


10 



10 


mV 

Common Mode Range 

Vs = + 5 to ± 40V 

-Vs+1 


+Vs-2 

-Vs+1 


+Vs-2 

V 
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UC1637 

UC2637 

UC3637 


ELECTRICAL CHARACTERISTICS (Unless otherwise stated, these specifications apply for Ta = to + 125°C for UC 1637; -25®C to +85°C 

for the UC2637; and 0°C to +70X for the UC3637; +Vs = +15V, -Vs = -15V, +Vth = 5V, -Vth = -5V, Rt = 
16.7kQ, Ct = 1500pF) 


PARAMETER 

TEST CONDITIONS 

UC1637/UC2637 

UC3637 

UNITS 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

Current Limit | 

Input Offset Voltage 

VcM = OV, Tj = 25°C 

190 

200 

210 

180 

200 

220 

mV 

Input Offset Voltage T.C. 



-0.2 



-0.2 


mV/°C 

Input Bias Current 


-10 

-1.5 


-10 

-1.5 


fjA 

Common Mode Range 

Vs = ± 2.5V to ± 20V 

-Vs 


+Vs-3 

-Vs 


+Vs -3 

V 

Shutdown 

Shutdown Threshold 

(Note 3) 

-2.3 

-2.5 

-2.7 

-2.3 

-2.5 

-2.7 

V 

Hysteresis 



40 



40 


mV 

Input Bias Current 

to 

> 

o 

CO 

> 

II 

z 

Q. 

> 

-10 

-0.5 


-10 

-0.5 


juA 

Under- Voltage Lockout | 

Start Threshold 

(Note 4) 


4.15 

5.0 


4.15 

5.0 

V 

Hysteresis 



0.25 



0.25 


mV 

Total Standby Current | 

Supply Current | | 

8.5 1 15 


8.5 

15 1 mA 

Output Section | 

Output Low Level 

IsiNK = 20mA 


-14.9 

-13 


-14.9 

-13 

V 

IsiNK = 100mA 


-14.5 

-13 


-14.5 

-13 

Output High Level 

1 SOURCE 20mA 

13 

13.5 


13 

13.5 


V 

1 SOURCE - 100mA 

12 

13.5 


12 

13.5 


Rise Time 

(Note 2) Cl = Inf, Tj = 25‘’C 


100 

600 


100 

600 

ns 

Fall Time 

(Note 2) Cl = Inf, Tj = 25®C 


100 

300 


100 

300 

ns 


Notes: 2. These parameters, although guaranteed over the recommended operating conditions, are not 100% tested in production. 

3. Parameter measured with respect to +Vs (Pin 6). 

4. Parameter measured at +Vs (Pin 6) with respect to -Vs (Pin 5). 
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FUNCTIONAL DESCRIPTION 

Following is a description of each of the functional blocks shown 
in the Block Diagram. 

Oscillator 

The oscillator consists of two comparators, a charging and 
discharging current source, a current source set terminal, Uet, 
and a flip-flop. The upper and lower threshold of the oscillator 
waveform is set externally by applying a voltage at pins +VTHand 


-Vth respectively. The +Vth terminal voltage is buffered internally 
and also applied to the Uet terminal to develop the capacitor 
charging current through Rt. If Rt is referenced to -Vs as shown in 
Figure 1, both the threshold voltage and chargingcurrent will vary 
proportionally to the supply differential, and the oscillator 
frequency will remain constant. The triangle waveform oscillators 
frequency and voltage amplitude is determined by the external 
components using the formulas given in Figure 1. 



Figure 1. Oscillator Set Up 


PWM Comparators 

Two comparators are provided to perform pulse width modulation 
for each of the output drivers. Inputs are uncommitted to allow 
maximum flexability. The pulse width of the outputs A and B is a 
function of the sign and amplitude of the error signal. A negative 
signal at Pin 10 and 8 will lengthen the high-state of output A and 


shorten the high-state of output B. Likewise, a positive error signal 
reverses the procedure. Typically, the oscillator waveform is 
compared against the summation of the error signal and the 
threshold set on Pin 10 and 8. 
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MODULATION SCHEMES 

Case A Zero Deadtime (Equal voltage on Pin 10 and Pin 8) 

In this configuration, maximum holding torque or stiffness and 
position accuracy is achieved. However, the power input into the 
motor is increased. Figure 3A shows this configuration. 

Case B Small Deadtime (Voltage on Pin 10 > Pin 8) 

A small differential voltage between Pin 10 and 8 provides the 
necessary time delay to reduce the chances of momentary short 
circuit in the output stage during transitions, especially where 


power-amplifiers are used. Refer to Figure 3B. 

Case C increased Deadtime and Deadband Mode 

(Voltage on Pin 10 > Pin 8) 

With the reduction of stiffness and position accuracy, the power 
input into the motor around the null point of the servo loop can be 
reduced or eliminated by widening the window of the comparator 
circuit to a degree of acceptance. Where position accuracy and 
mechanical stiffness is unimportant, deadband operation can be 
used. This is shown in Figure 3C. 



(Pin 10) 
(Pin 8) 



AouT 


Bout 


7f 


1 

J1 


1 

n 

! 


n 

ru 




(Pm 10) 



Figure 3. Modulation Schemes Showing (A) Zero Deadtime (B) Deadtime and (C) Deadband Configurations. 


Output Drivers 

Each output driver is capable of both sourcing and sinking 100mA 
steady state and up to 500mA on a pulsed basis for rapid 
switching of either POWERFET or bipolar transistors. Output levels 
are typically -Vs +0.2V @ 50mA low level and +Vs — 2.0V @ 50mA 
high level. 

Error Amplifier 

The error amplifier consists of a high slew rate (15V///S) op-amp 
with a typical IMHz bandwidth and low output impedance. 
Depending on the ± Vs supply voltage, the common mode input 
range and the voltage output swing is within 2V of the Vs supply. 

Under* Voltage Lockout 

An under-voltage lockout circuit holds the outputs in the off state 
until a minimum of 4V is reached. At this point, all internal 
circuitry is functional and the output drivers are switched on. If 
external circuitry requires a higher starting voltage, an over-riding 
voltage can be programmed through the shutdown terminal as 
shown in Figure 4. 


u _ 2.5 (Ri Rz) 

•START ^ 



Figure 4. External Under* Voltage Lockout 
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Shutdown Comparator 

The shutdown terminal may be used for implementing various 
shutdown and protection schemes. By pulling the terminal more 
than 2.5V below Vin, the output drivers will be enabled. This can be 
realized using an open collector gate or NPN transistor biased to 


either ground or the negative supply. Since the threshold is 
temperature stabilized, the comparator can be used as an accu- 
rate low voltage lockout (Figure 4) and/or delayed start as in 
Figure 5. 



Current Limit 

A latched current limit amplifier with an internal 200mV offset is the +Vs supply while providing excellent noise rejection. Figure 6 

provided to allow pulse-by-pulse current limiting. Differential shows a typical current sense circuit, 

inputs will accept common mode signals from -Vs to within 3V of 



Figure 6. Current Limit Sensing 
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Figure 7. Bi-Directional Motor Drive with Speed 
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and Power-Amplifier 
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LINEAR INTEGRATED CIRCUITS UC1704 

Bridge Transducer Switch 


UC1704 COMPATIBLE SENSORS 


SENSOR TYPE 


ACTIVATION SOURCE 


'// 


m 




Thermistor 

X 





X 


Sensistor 

X 





X 


Thermocouple 

X 







Semiconductor 

X 

X 

X 





Photo Voltaic 




X 

X 

X 


Photo Resistive 




X 

X 

X 


Strain Gage 


X 

X 

X 

X 

X 

X 

Piezoelectric 


X 

X 


X 

X 

X 

Magneto Resistive 




X 

X 



Inductive 




X 

X 

X 


Hall Effect 




X 

X 


r 

Capacitive 







X 


FEATURES 

• Dual matched current sources 

• High-gain differential sensing circuit 

• Wide common-mode input capability 

• Complimentary digital open-collector 
outputs 

• Externally programmable time delay 

• Optional output latch with reset 

• Built-in diagnostic activation 

• Wide supply voltage range 

• High current heater power source driver 


DESCRIPTION 

This integrated circuit contains a complete signal conditioning 
system to interface low-level variable impedance transducers to a 
digital system. A pair of matched, temperature-compensated cur- 
rent sources are provided for balanced transducer excitation fol- 
lowed by a precision, high-gain comparator. The output of this 
comparator can be delayed by a user-selectable duration, after 
which a second comparator will switch complimentary outputs 
compatible with all forms of logic. This output section can be 
separately activated for diagnostic operation and has an optional 
latch with external reset capability. An added feature is a high 
current power source useful as a heater driver in differential 
temperature sensing applications. 

The UC1704 is characterized for operation over the full military 
temperature range of -55®C to +125®C while the UC3704 is 
designed for 0®C to +70®C environments. 


BLOCK DIAGRAM 


GND 


DRIVE 


CURRENT SET 


COMP 2 THRESHOLD 



CURRENT OUTPUT 


DELAY COMP 2 
INPUT 


RESET REMOTE 
ACTIVATE 
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ABSOLUTE MAXIMUM RATINGS 


CONNECTION DIAGRAM 


Supply Voltage (+Vin) 40V 

Output Current (each output) 50mA 

Buffer Power Source Current 200mA 

Comparator 1 Inputs -0.5V to Vref 

Comparator 2 Inputs 0 to 5.5V 

Remote Activation and Reset Inputs 0 to 5.5V 

Power Dissipation at Ta = 25°C lOOOmW 

Derate at 10mW/°C for Ta > 50°C 

Operating Junction Temperature -55®C to +150®C 

Storage Temperature Range -65®C to +150®C 

Lead Temperature (Soldering, 10 Seconds) +300®C 


NOTE: Unless otherwise specified, all voltages are with respect to ground (Pin 1). 
Currents are positive into, negative out of the specified terminal. 


DIL-16 (TOP VIEW) 

J or N PACKAGE 


GROUND [T 


l6] 

BUFFER SET [T 


H] Qout 

BUFFER 
DRIVE L£. 


14] REM. ACT 

+V,N [T 


Ts] RESET 

Vref U 


l2] COMP. 2 IN 

CUR. SET 1 [T 


-n COMP. 2 

IJJ THRES 

CUR. OUT 1 [T 


DELAY 

CUR. SET 2 |T 


3 CUR. OUT 2 




ELECTRICAL CHARACTERISTICS (Unless otherwise stated, these specifications apply for Ta = -55®Cto +125‘’Cforthe UC1704and OX 

to +70X for the UC3704; V,n = 15V) 


PARAMETER 

TEST CONDITIONS 

MIN. 

TYP. 

MAX. 

UNITS 

Power Inputs | 

Supply Voltage Range 

Ta > OX 

4.2 


36 

V 

Supply Current 

Vin = 36V 


5 

10 

mA 

Reference Section (with respect to Vin) | 

Vref Value |V,N- Vref 1 

Tj= 25X 

2.1 

2.2 

2.3 

V 

Vref Temperature Coefficient 

Note 1 

-1 

-2 

-3 

mV/X 

Line Regulation 

AVin = 4.2 to 25V 


2 

10 

mV 

Load Regulation 

Alo = 0 to 4mA 


2 

10 

mV 

Short Circuit Current 

Vin = 36V 

Vref = Vin or Ground 



±25 

mA 

Current Sources (Qi and Qa) | 

Output Current (Note 2) 

Current Set = 10/jA 

-9 

-9.5 

-10 

itiA 

Current Set = 200 /jA 

-180 

-195 

-200 

HA 

Output Offset Current 

Re6 — Re8 — 20KO 


0 

±1 

/^A 

Comparator One | 

Input Offset Voltage 



±1 

±4 

mV 

Input Bias Current 



-100 

-300 

nA 

Input Offset Current 




±60 

nA 

CMRR 

VcM = 0 to 12V 

60 

70 


dB 

Voltage Gain 

Rl > 150Kn 

70 

85 


dB 

Delay Current Source 


34 

40 

52 

fiA 

Output Rise Time 

Overdrive = lOmV, 

Co = 15pF, Tj = 25X 


2 


V///S 
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ELECTRICAL CHARACTERISTICS (Unless otherwise stated, these specifications apply for TA = -55°Cto+125‘’CfortheUG1704and0‘’C 

to +70®C for the UC3704; V,n = 15V) 


PARAMETER 

TEST CONDITIONS 

MIN. 

TYP. 

MAX. 1 UNITS 

Comparator Two (Qour and Qout) | 

Threshold Voltage 


2.2 

3.0 

3.8 

V 

Threshold Resistance 

To Ground 

14 

20 

24 

KO 

Input Bias Current 

V,N (Pin 12) = 5V 


1 

3 

M 

Remote Activate Current 

Pin 14 = OV 


0.2 

0.5 

mA 

Reset Current 

Pin 13 = OV 


0.2 

0.5 

mA 

Remote Activate Threshold 

Ta = 25‘’C 

0.8 

1.2 


V 

Reset Threshold 

Ta = 25X 

0.8 

1.2 


V 

Output Saturation 

lour = 16mA 


0.2 

0.5 

V 

louT = 50mA 


0.7 

2.0 

V 

Output Leakage 

VouT = 40V 


0.2 

10 

//A 

Output Response 

Comp. Overdrive = IV 
Rl = 5K to V,N 

Turn-on 


0.4 


fJS 

Turn-off 


1.0 


Buffer 1 

Set Voltage (V,n - Vs) 

Tj = 25^0, Is = 100mA 

1.9 

2.1 

2.3 

V 

Drive Current 

Tj = 2b°C, Rs = 2000, Vd = OV 

90 

100 

120 

mA 


Note: 1. Parameter guaranteed by design, not tested in production. 


2. Collector output current = ^ ^ ^ — 

Re Re 


APPLICATIONS INFORMATION 
Sensor Section 

The input portion of the UC1704 provides both excitation and 
sensing for a iow-ievei, variable impedance transducer. This 
circuitry consists of a pair of highly matched PNP transistors 
biased for operation as constant current sources followed by a 
high gain precision comparator. 

The reference voltage at the bases of the PNP transistors has a TC 
to offset the base-emitter voltage variation of these transistors 
resulting in a constant voltage across the external emitter 
resistors and correspondingly constant collector currents. With 
the emitter resistors external, the user has the option of tailoring 
the collector currents for balancing, offsetting, or to provide a 
unique temperature characteristic. 

With the PNP transistors’ optimum current ranging from 10 to 
200^^A, and the common-mode input voltage of the comparator 
usable from ground to (Vin - 3V), a wide range of transducer 
impedance levels is possible. 


The sensor comparator has a current source pull-up atthe output 
so that an external capacitor from this point to ground can be used 
to provide a programmable delay before reaching the second 
comparator’s threshold. The low-impedance on-state of Comp I’s 
output provides quick reset of this capacitor. This programmable 
delay function is useful for providing transient protection by 
requiring that Comp 1 remain activated for a finite period of time 
before Comp 2 triggers. Another application is in counting 
repetitive pulses where a missing pulse will allow Comp I’s output 
to rise to Comp 2’s threshold. This time delay function is: 

Delay = Comp 2 Threshold x Cd ^ 175 ms//;F 
Delay Current 

If hysteresis is desired for Comparator 1, it may be 
accommodated by applying positive feedback from the delay 
terminal to the non-inverting input on Pin 7. This will aid in 
providing oscillation-free transitions for very slowly changing 
inputs. 
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Output Section 

The output portion of the UC1704 is basically a second 
comparator with complimentary, open-collector outputs. This 
comparator has a built-in, ground-referenced threshold 
implemented with a high-impedance current source and resistor 
so that it may be easily overridden with an external voltage source 
if desired. Comp 2’s input transistorsare NPNtypes which require 
at least IV of common-mode voltage for accurate operation and 
should not see a differential input voltage greater than 6V. 

For diagnostic or latching purposes, the output logic is equipped 
with a Remote Activate and Reset function. These pins have 
internal pull-ups and are only active when pulled low below a 
threshold of approximately IV. A low signal atthe Remote Activate 
Pin causes the outputs to change state in exactly the same 
manner as if Comp2's input is raised above the threshold on Pin 
11. If Pin 16 is connected to Pin 14, positive feedback results and 
the outputs will latch once triggered by Comp 2’s input. Pulling the 


Reset terminal low overrides the Remote Activate Pin releasing 
the latch. 

Reference Buffer 

This circuit is designed to provide up to 100mA to drive a high- 
current external PNP transistor useful for powering a heater for 
differential temperature measurements. Care must be taken that 
power dissipation in Qe does not cause excessive thermal 
gradients which will degrade the accuracy of the sensing circuitry. 

Using a heating element attached to a temperature sensitive 
resistor, RSI, in one leg of the input bridge implements a flow 
sensor for either gasses or liquids. As long as there is flow, heat 
from the element is carried away and the sensor voltage remains 
below threshold. Using an identical sensor, RS2, without a heater 
to establish this threshold compensatesfor the ambient tempera- 
ture of the flow. 


Typical Application For Monitoring Liquid or Gas Flow 
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FEATURES 

• Dual, 1.5A Totem Pole Outputs 

• 40nsec Rise and Fall into lOOOpF 

• Parallel or Push-Pull Operation 

• Single-Ended to Push-Pull Conversion 

• High-Speed, Power MOSFET Compatible 

• Low Cross-Conduction Current Spike 

• Analog, Latched Shutdown 

• Internal Deadband Inhibit Circuit 

• Low Quiescent Current 

• 5 to 40V Operation 

• Thermal Shutdown Protection 


DESCRIPTION 

The UC1706 family of output drivers are made with a high-speed Schottky process to 
interface between low-level control functions and high-power switching devices - 
particularly power MOSFET’s. These devices implement three generalized functions as 
outlined below: 

First: They accept a single-ended, low-current digital input of either polarity and process 
it to activate a pair of high-current, totem pole outputs which can source or sink up to 
1.5A each. 

Second: They provide an optional single-ended to push-pull conversion through the use 
of an internal flip-flop driven by double-pulse-suppression logic. With the flip-flop 
disabled, the outputs work in parallel for 3.0A capability. 

Third: Protection functions are also included for pulse-by-pulse cyrrent limiting, 
automatic deadband control, and thermal shutdown. 


• 16-Pin Dual-In-Line Package These devices are available in a two-watt plastic “bat-wing'" DIP for operation over a 0° 

to -t-yo^C temperature range and, with reduced power, in a hermetically sealed cerdip 
for to +125®C operation. ' 


TRUTH TABLE 


INV. 

N.l. 

OUT 

H 


- l' 

L 


: H 

H 

• L 

^ X 

L ' 

L: 

L 


OUT = 

OTr= l#drTO 


BLOCK DIAGRAM 
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CONNECTION DIAGRAM 


ABSOLUTE MAXIMUM RATINGS 


N-Pkg J.Pkg 


DIL-16 (TOP VIEW) 

J or N PACKAGE 


B INHIBIT [T 


^ A INHIBIT 

INV INPUT [T 


^ INHIBIT REF 

N.l. INPUT [T 


U] Vin 

GROUND \T 


13] GROUND 

GROUND \T 


12] GROUND 

A OUTPUT \T 


U] B OUTPUT 

FLIP/FLOP |T 


STOP (+) 

Vc |T 


9] STOP (-) 

Note: All four ground pins must be 

connected to a common ground. 


Supply Voltage, Vin 

Collector Supply Voltage, Vc 

Output Current (Each Output, Source or Sink) 

Steady-State 

Peak Transient 

Capacitive Discharge Energy 

Digital Inputs 

Inhibit Inputs 

Stop Inputs 

Power Dissipation at Ta = 25®C 

Derate above 50®C 

Power Dissipation at T (Leads/Case) = 25®C 

Derate for Ground Lead Temperature above 25®C . . 

Derate for Case Temperature above 25®C 

Operating Temperature Range 

Storage Temperature Range 

Load Temperature (Soldering, 10 Seconds) 


40 V 40V 

40V 40 V 


. . . ±500mA 

±1.5A 

20a(J 

5.5V 

5.5V 

Vin 

2W 

..20mW/®C 

5W 

. . 40mW/®C 


. ±500mA 
....±1.0A 

Ib/jJ 

5.5V 

5.5V 

Vin 

IW 

lOmW/^C 
2W 


16mW/“C 

-55‘’Cto+125“C 

-65°Cto+150°C 

300°C 


Note: All voltages are with respect to the four ground pins which must be connected together. 
All currents are positive into, negative out of the specified terminal. 


ELECTRICAL CHARACTERISTICS (Unless otherwise stated, these specifications apply for Ta = -55® to + 125®Cforthe UC1706and 0°Cto 


+70®C for the UC3706; Vin = Vc = 20V.) 


PARAMETER 

TEST CONDITIONS 

MIN. 

TYP. 

MAX. 

UNITS 

Vin Supply Current 

Vin = 40V 


8 

10 

mA 

Vc Supply Current 

Vc = 40V, Outputs Low 


4 

5 

mA 

Vc Leakage Current 

Vin = 0, Vc = 40V 


.05 

0.1 

mA 

Digital Input Low Level 




0.8 

V 

Digital Input High Level 


2.2 



V 

Input Current 

Vi = 0 


-0.6 

-1.0 

mA 

Input Leakage 

< 

II 

cn 

< 


.05 

0.1 

mA 

Output High Sat., Vc-Vo 

lo = -50mA 



2.0 

V 

Output High Sat., Vc-Vo 

lo = -500mA 



2.5 

V 

Output Low Sat., Vo 

lo = 50mA 



0.4 

V 

Output Low Sat., Vo 

lo = 500mA 



2.5 

V 

Inhibit Threshold 

Vref = 0.5V 

0.4 


0.6 

V 

Inhibit Threshold 

Vref = 3.5V 

3.3 


3.7 

V 

Inhibit Input Current 

Vref = 0 


-10 

-20 

M 

Analog Threshold 

VcM = 0 to 15V 

100 

130 

150 

mV 

Input Bias Current 

VcM = 0 


-10 

-20 


Thermal Shutdown 



155 


®C 
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TYPICAL SWITCHING CHARACTERISTICS (Vin = Vc = 20V, Ta = 25°C. Delays measured 50% in to 50% out.) 


PARAMETER 

TEST CONDITIONS 

OUTPUT Cl= 

UNITS 

From Inv. Input to Output: 


open 

1.0 

2.2 

nF 

Rise Time Delay 


no 

130 

140 

ns 

10% to 90% Rise 


20 

40 

60 

ns 

Fall Time Delay 


80 

90 

no 

ns 

90% to 10% Fall 


25 

30 

50 

ns 

From N.l. Input to Output: 






Rise Time Delay 


120 

130 

140 

ns 

10% to 90% Rise 


20 

40 

60 

ns 

Fall Time Delay 


100 

120 

130 

ns 

90% to 10% Fall 


25 

30 

50 

ns 

Vc Cross-Conduction 

Output Rise 

25 



ns 

Current Spike Duration 

Output Fall 

0 



ns 

Inhibit Delay 

Inhibit Ref. = IV 

Inhibit = 0.5 to 1.5V 

250 



ns 

Analog Shutdown Delay 

Stop (+) Ref. = 0 

Stop (-) Input =0 to 0.5V 

180 



ns 


CIRCUIT DESCRIPTION 
Outputs 

The totem-pole outputs have been designed to minimize cross- 
conduction current spikes while maximizing fast, high-current 
rise and fall times. Current limiting can be done externally either 
at the outputs or at the common Vc pin. The output diodes 
included have slow recovery and should be shunted with high- 
speed external diodes when driving high-frequency inductive 
loads. 

Flip/Flop 

Grounding pin 7 activates the internal flip-flop to alternate the two 
outputs. With pin 7 open, the two outputs operate simultaneously 
and can be paralleled for higher current operation. Since the 
flip-flop is triggered by the digital input, an off-time of at least 
200nsec must be provided to allow the flip/flop to change states. 
Note that the circuit logic is configured such that the “OFF” state is 
defined as the outputs low. 

Digital Inputs 

With both an inverting and non-inverting input available, either 
active-high or active-low signals may be accepted. These are true 
TTL compatible inputs — the threshold is approximately 1.2V with 
no hysteresis: and external pull-up resistors are not required. 

Inhibit Circuit 

Although it may have other uses, this circuit is included to elimi- 
nate the need for deadband control when driving relatively slow 
bipolar power transistors. A diode from each inhibit input to the 
opposite power switch collector will keep one output from turning- 


on until the other has turned-off. The threshold is determined 
by the voltage on pin 15 which can be set from 0.5 to 3.5V. When 
this circuit is not used, ground pin 15 and leave 1 and 16 open. 

Analog Shutdown 

This circuit is included to get a latched shutdown as close to the 
outputs as possible, from a time standpoint. With an internal 
130mV threshold, this comparator has a common-mode range 
from ground to (Vin - 3V). When not used, both inputs should be 
grounded. The time required for this circuit to latch is inversely 
proportional to the amount of overdrive but reaches a minimum of 
ISOnsec. Aswiththe flip-flop, an input off-time of at least 200nsec 
is required to reset the latch between pulses. 

Supply Voltage 

With an internal 5V regulator, this circuit is optimized for use with 
a 7 to 40V supply: however, with some slight response time degra- 
dation, it can also be driven from 5V.When Vin is low, the entire 
circuit is disabled and no current is drawn from Vc- When com- 
bined with a UC1840 PWM, the Driver Bias switch can be used to 
supply Vin to the UC1706. Vin switching should be fast as if Vc is 
high, undefined operation of the outputs may occur with Vin less 
than 5V. 

Thermal Considerations 

Should the chip temperature reach approximately Ibb^C, a paral- 
lel, non-inverting input is activated driving both outputs to the low 
state. 
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LINEAR INTEGRATED CIRCUITS 

Stepper Motor Drive Circuit 


UC1717 

UC3717 


FEATURES 

• Half-step and full-step capability 

• Bipolar constant current motor drive 

• Built-in fast recovery Schottky 
commutating diodes 

• Wide range of current control 5- 1000mA 

• Wide voltage range 10-45V 

• Designed for unregulated motor supply 
voltage 

• Current levels can be selected in steps or 
varied continuously 

• Thermal overload protection 


DESCRIPTION 

The UC3717 has been designed to control and drive the current in one winding of a 
bipolar stepper motor. The circuit consists of an LS-TTL-compatible logic input, a 
current sensor, a monostable and an output stage with built-in protection diodes. Two 
UC3717S and a few externa! components form a complete control and drive unit for 
LS-TTL or micro-processor controlled stepper motor systems. 

The UC1717 is characterized for operation over the full militarytemperature range of -55®C 
to +125®C, while the UC3717 is characterized for 0®C to +70°C. 


ABSOLUTE MAXIMUM RATINGS (Note 1) 

Voltage 

Logic Supply, Vcc 7V 

Output Supply, Vm 45V 

Input Voltage 

Logic Inputs (Pins 7, 8, 9) 6V 

Analog Input (Pin 10) Vcc 

Reference Input (Pin 11) 15V 

Input Current 

Logic Inputs (Pins 7, 8, 9) -10mA 

Analog Inputs (Pins 10, 11) -10mA 

Output Current (Pins 1,15) ±1A 

Junction Temperature, Tj +150®C 

Thermal Resistance, Junction to Ambient (NE Package) 45®C/W 

Thermal Resistance, Junction to Case (NE Package) 11®C/W 

Thermal Resistance, Junction to Ambient (J Package) 100®C/W 

Thermal Resistance, Junction to Case (J Package) 60°C/W 

Storage Temperature Range, Ts -55®C to +150°C 


Note: 1. All voltages are with respect to ground. Pins 4, 5, 12, 13. 

Currents are positive into, negative out of the specified terminal. 


BLOCK DIAGRAM 


CONNECTION DIAGRAM 


DIL16 (TOP VIEW) 


J or NE PACKAGE 


Bout [T 


^ EMITT 

TIMING (T 
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0 50 100 150 

AMBIENT TEMPERATURE - (°C) 

Figure 1. 


RECOMMENDED OPERATING CONDITIONS 


PARAMETER 

MIN. 

TYP. 

MAX. 

UNITS 

Supply Voltage, Vcc 

4.75 

5 

5.25 

V 

Supply Voltage, Vm 

10 


40 

V 

Output Current, Im 

20 


800 

mA 

Rise Time Logic Inputs, tr 



2 

fJS 

Fall Time Logic Inputs, tf 



2 

/JS 

Ambient Temperature, ta 





UC1717 

-55 


125 


UC3717 

0 


70 

"C 


ELECTRICAL CHARACTERISTICS (Over recommended operating conditions unless otherwise stated) 


PARAMETER 

TEST 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNITS 

Supply Current, Ice 




25 

mA 

High-Level Input Voltage, Pins 7, 8, 9 


2.0 



V 

Low-Level Input Voltage, Pins 7, 8, 9 




0.8 

V 

High-Level Input Current, Pins 7, 8, 9 

V, = 2.4V 



20 

fjA 

Low-Level Input Current, Pins 7, 8, 9 

V, = 0.4V 

-0.4 



mA 

Comparator Threshold Voltage 

o 

II II 

o o 

Vr = 5.0V 

390 

420 

440 

mV 

lo= 1 
h =0 

230 

250 

270 

mV 

10 = 0 

11 = 1 

65 

80 

90 

mV 

Comparator Input Current 


-20 


20 


Output Leakage Current 

lo= 1 
l1 = 1 

Ta = + 25X 



100 

M 

Total Saturation Voltage Drop 

Im = 500mA 



4.0 

V 

Total Power Dissipation 

Im = 500mA, 
fs = 30kHz 


1.4 

2.1 

W 

Im = 800mA, 
fs = 30kHz 


2.9 

3.1 

W 

Cut Off Time, topp 

See Figure 5 and 6 
Vm = lOV 
toN ^ 5/US 

25 

30 

35 

fJS 

Turn Off Delay, td 

— 

See Figure 5 and 6 
Ta = +25^; 
dVc/dt ^ 50mV///s 


1.6 

2.0 

/JS 

Thermal Shutdown Junction Temperature 


+160 


+ 180 

X 
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0.1 0.5 0.8 



0 1 0 5 0.8 


OUTPUT CURRENT (A) 


OUTPUT CURRENT (A) 


Figure 2. Typical Source Saturation Voltage vs Output Current 


Figure 3. Typical Sink Saturation Voltage vs Output Current 



0.2 0.4 0.6 0.8 


OUTPUT CURRENT (A) 


Rgure 4. Typical Power Losses vs Output Current 


CHOPPING FREQUENCY = ^ 

toN toFF 



Figure 5. Connections and Component Values as in Figure 6 


FUNCTIONAL DESCRIPTION 

The UC3717 drive circuit shown in the block diagram includes the 
following functions. 

(1) Phase Logic and H-Bridge Output Stage 

(2) Voltage Divider with three Comparators for current control 

(3) Two Logic inputs for Digital current level select 

(4) Monostable for off time generation 

Input Logic 

If any of the logic inputs are left open, the circuit will treat it as a 
high level input. 

Phase Input 

The phase input terminal, pin 18, controls the direction of the 
current through the motor winding. The Schmidt-Trigger input 


coupled with a fixed time delay assures noise immunity and 
eliminates cross conduction in the output stage during phase 
changes. A low level on the phase input will turn Q2 on and enable 
Q3 while a high level will turn Q1 on and enable Q4. (See Figure 7). 

Output Stage 

The output stage consists of four Darlington transistors and 
associated diodes connected in an H-Bridge configuration. The 
diodes are needed to provide a current path when the transistors 
are being switched. For fast recovery, Schottky diodes are used 
across the source transistors. The Schottky diodes allow the 
current to circulate through the winding while the sinktransistors 
are being switched off. The diodes across the sink transistors in 
conjunction with the Schottkys provide the path for the decaying 
current during phase reversal. (See Figure 7). 
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Figure 6. 


PHASE INPUT 

Ql, Q4 

Q2, Q3 

LOW 

OFF 

ON 

HIGH 

ON 

OFF 


TABLE 1 


lo 

ll 

CURRENT LEVEL 

0 

0 

100% 

1 

0 

60% 

0 

1 

19% 

1 

1 

CURRENT INHIBIT 


Current Control 

The voltage divider, comparators and monostable provide a 
means for current sensing and control. The two bit input (lo, li) 
logic selects the desired comparator. The monostable controls 
the off time and therefore the magnitude of the current decrease. 
The time duration is determined by Rt and Ct connected to the 
timing terminal (pin 2). The reference terminal (pin 11) provides 
a means of continuously varying the current for situations 
requiring half-stepping and micro-stepping. The relationship 
between the logic input signals at pin 7 and 9 in reference to the 
current level is shown in Table 1. The values of the different 
current levels are determined by the reference voltage together 
with the value of the external sense resistor Rs (pin 16). 


DASHED LINES INDICATE 
CURRENT DECAY PATHS 



Figure 7. Simplified Schematic of Output Stage 
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Single-Pulse Generator 

The pulse generator is a monostable triggered on the positive 
going edge of the comparator. Its output is high during the pulse 
time and this pulse switches off the power feed to the motor 
winding causing the current to decay. The time is determined by 
the external timing components Rt and Ct as: 

toFF = 0.69 RtCt 

If a new trigger signal should occur during toFF, it is ignored. 

Overload Protection 

The circuit is equipped with a thermal shutdown function, which 
will limit the junction temperature by reducingthe output current. 
It should be noted however, that a short circuit of the output is not 
permitted. 

Operation 

When the voltage is applied across the motor winding the current 
rises linearly and appears across the external sense resistor as an 
analog voltage. This voltage is fed through a low-pass filter Rc, Cc 
to the the voltage comparator (pin 10). At the moment the voltage 
rises beyond the comparator threshold voltage the monostable is 
triggered and its output turns off the sink transistors. The current 
then circulates through the source transistor and the appropriate 
Schottky diode. After the one shot has timed out, the sink 
transistor is turned on again and the procedure repeated until a 
current reverse command is given. By reversing the logic level of 
the phase input (pin 8), both active transistors are being turned 
off and the opposite pair turned on. When this happens the 
current must first decay to zero before it can reverse. The current 
path then provided is through the two diodes and the power- 
supply. Refer to Figure 7. It should be noticed at this time that the 

+5 +5 



slope of the current decay is steeper, and this is due to the higher 
voltage build up across the winding. For better speed 
performance of the stepping motor at half step mode, the phase 
logic level should be changed the same time the current inhibit is 
applied. A typical current wave form is shown in Figure 8. 



Figure 8. 


APPLICATIONS 

A typical chopper drive for a two phase bipolar permanent magnet 
or hybrid stepping motor is shown in Figure 9. The input can be 
controlled by a microprocessor, TTL, LS or CMOS logic. 

+40 
la, 14 
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The timing diagram in Figure 10 shows the required signal input 
for a two phase, full step, stepping sequence. Figure 11 shows a 
one phase, full step, stepping sequence, commonly referred to as 
wave drive. Figure 12 shows the required input signal for a one 
phase-two phase stepping sequence called half-stepping. 

The circuit of Figure 13 provides the signal shown in Figure 10, 
and in conjunction with the circuit shown in Figure 9, will 
implement a pulse-to-step two phase, full step, bidirectional 
motor drive. 


The schematic of Figure 14 shows a pulse to half step circuit 
generating the signal shown in Figure 12. Care has been taken to 
change the phase signal the same time the current inhibit is 
applied. This will allow the current to decay faster and therefore 
enhance the motor performance at higher step rates. 

The UC3717 can also be used to drive an external high power 
output stage such as the Unitrode PIC900 hybrid circuit in an 18- 
Pin dual-in-line package. The 5A output of the PIC900 can be 
controlled with as little as 5mA base drive. Using the UC3717 to 
drive the PIC900 provides a uniquely packaged state-of-the-art 
high power stepper motor control and drive. See Figure 15. 


I 1 1 2 I 3 I 4 I 


PHASE A 


“1 




PHASE B 
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FWD 



I 
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Figure 10. Phase input Signal for Two Phase Full Step Drive (4 Step Sequence) 
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Figure 11. Phase and CurrenMnhibit Signal for Wave Drive (4 Step Sequence) 
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Figure 12. Phase and Current-Inhibit Signal for Half-Stepping (8 Step Sequence) 
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PHASE A 


PHASE B 


Figure 13. Full Step, Bidirectional Two Phase Drive Logic 



Figure 14. Half Step, Bidirectional Drive Logic 


CONSIDERATION 

Half-Stepping 

In the half step sequence the power input to the motor alternates 
between one or two phases being energized. In a two phase motor 
the electrical phase shift between the windings is 90 degrees. The 
torque developed is the vector sum of the two windings energized. 
Therefore when only one winding is energized the torque of the 
motor is reduced by approximately 30%. This causes a torque 
ripple and if it is necessary to compensate for this, the Vr input 
can be used to boost the current of the single energized winding. 

Ramping 

Every drive system has inertia and must be considered in the drive 
scheme. The rotor and load inertia plays a big role at higher 
speeds. Unlike the DC motor the stepping motor is a synchronous 
motor and does not change its speed due to load variations. 
Examining typical stepping motors torque vs. speed curves 
indicates a sharp torque drop off for the start-stop without error 
curve, even with a constant current drive. The reason for this is 
that the torque requirements increase by the square of the speed 
change, and the power need increases by the cube of the speed 
change. As it can be seen, for good motor performance controlled 
acceleration and deceleration should be considered. 
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Iron Core Losses 

Some motors, especially the Tin-Can type, exhibit high iron losses 
mostly due to eddy currents which rise in an exponental matteras 
the frequency or step rate is increased. The power losses can not 
be calculated by I^R where I is the chopping current level and R 
the DC resistance of the coil. Actual measurements indicate the 
effective resistance may be many times larger. Therefore, for 
100% duty cycle the current must be limited to a value which will 
not overheat the motor. This may not be necessary for lower duty 
cycle operation. 

Interference 

Electrical noise generated by the chopping action can cause 
interference problems, particularly in the vicinity of magnetic 
storage media. With this in mind, printed circuit layouts, wire runs 
and decoupling must be considered. 0.01 to 0.1^fF ceramic 
capacitors for high frequency bypass located near the drive 
package across V+ and ground might be very helpful. The 
connection and ground leads of the current sensing components 
should be kept as short as possible. 

Ordering Information 

UNITRODE TYPE NUMBER 

UC3717NE — 16 Pin Dual-in-line (DIL) “Bat Wing” Package 
UC3717J — 16 Pin Dual-in-line Ceramic Package 
UC1717J — 16 Pin Dual-in-line Ceramic Package 
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LINEAR INTEGRATED CIRCUITS 

High Efficiency Linear Regulator 


UC1834 

UC2834 

UC3834 


FEATURES 

• Minimum Vin - Vout less than 0.5V at 5A 
load with external pass device 

• Equally usable for either positive or 
negative regulator design 

• Adjustable low threshold current sense 
amplifier 

• Under and over-voltage fault alert with 
programmable delay 

• Over-voltage fault latch with 100mA 
crowbar drive output 


DESCRIPTION 

The UC1834 family of integrated circuits is optimized for the design of low input-output 
differential linear regulators. A high gain amplifier and 200mA sink or source drive 
outputs facilitate high output current designs which use an external pass device. With 
both positive and negative precision references, either polarity of regulator can be 
implemented. A current sense amplifier with a low, adjustable, threshold can be used to 
sense and limit currents in either the positive or negative supply lines. 

In addition, this series of parts has a fault monitoring circuit which senses both under 
and over-voltage fault conditions. After a user defined delay for transient rejection, this 
circuitry provides a fault alert output for either fault condition. In the over-voltage case, 
a 100mA crowbar output is activated. An over-voltage latch will maintain the crowbar 
output and can be used to shutdown the driver outputs. System control to the device 
can be accommodated at a single input which will act as both a supply reset and 
remote shutdown terminal. These die are protected against excessive power dissipation 
by an internal thermal shutdown function. 


ABSOLUTE MAXIMUM RATINGS (Note 1) 

Input Supply Voltage, Vin^ 40V 

Driver Current 400mA 

Driver Source to Sink Voltage 40V 

Crowbar Current -200mA 

+1.5V Reference Output Current -10mA 

Fault Alert Voltage 40V 

Fault Alert Current 15mA 

Error Amplifier Inputs -0.5V to 35V 

Current Sense Inputs -0.5V to 40V 

O.V. Latch Output Voltage -0.5V to 40V 

O.V. Latch Output Current 15mA 

Power Dissipation at Ta = 25°C lOOOmW 

Derate at 10mW/°C above Ta = 50°C 

Power Dissipation at Tc = 25°C 2000mW 

Derate at 16mW/°C above Tc = 25°C 

Thermal Resistance, Junction to Ambient 100®C/W 

Thermal Resistance, Junction to Case 60°C/W 

Operating Junction Temperature -55°C to +150°C 

Storage Temperature -65°C to +150®C 

Lead Temperature (soldering, 10 seconds) 300°C 

Note: 1. Voltages are reference to Vm", Pin 5. 


Currents are positive into, negative out of the specified terminals. 
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CONNECTION DIAGRAM 
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ELECTRICAL CHARACTERISTICS (Unless otherwise stated, these specifications apply for Ta = -55°C to +125°C for the UC1834; 

-25°C to +85°C for the UC2834; and 0°C to +70^0 for the UC3834; Vin"" = 15V, V,n = OV.) 


PARAMETER 

TEST CONDITIONS 

UC1834/UC2834 

UC3834 

UNITS 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

Standby Supply Current 



5.5 

7 


5.5 

10 

mA 

+ 1.5 Volt Reference | 

Output Voltage 

T, = 25°C 

1.485 

1.5 

1.515 

1.47 

1.5 

1.53 

V 

Tj(MIN) ^ Tj < T|(MAX) 

1.47 


1.53 

1.455 


1.545 

Line Regulation 

V.n'" = 5 to 35V 


1 

10 


1 

15 

mV 

Load Regulation 

louT = 0 to 2mA 


1 

10 


1 

15 

mV 

-2.0 Volt Reference (Note 2) | 

Output Voltage 
(Referenced to Vin^) 

T, = 25°C 

2.04 

-2 

1.96 

2.06 

-2 

1.94 

V 

Tj(MIN) < T, < T|(MAX) 

2.06 


1.94 

2.08 


1.92 

Line Regulation 

Vin'" = 5 to 35V 


1.5 

15 


1.5 

20 

mV 

Output Impedance 



2.3 



2.3 


kO 

Error Amplifier Section | 

Input Offset Voltage 

VcM = 1.5V 


1 

6 


1 

10 

mV 

Input Bias Current 

VcM = 1.5V 


-1 

-4 


-1 

-8 

fjA 

Input Offset Current 

VcM = 1.5V 


0.1 

1 


0.1 

2 

(uA 

Small Signal Open Loop Gain 

Output @ Pin 14, Pin 12 = Vin^ 

Pin 13, 20fi toV.N" 

50 

65 


50 

65 


dB 

CMRR 

VcM = 0.5 to 33V, Vin"” = 35V 

60 

80 


60 

80 


dB 

PSRR 

Vin'" = 5 to 35V, VcM = 1.5V 

70 

100 


70 

100 


dB 

Driver Section | 

Maximum Output Current 


200 

350 


200 

350 


mA 

Saturation Voltage 

lout - 100mA 


0.5 

1.2 


0.5 

1.5 

V 

Output Leakage Current 

Pin 12 = 35V, Pin 13 = V,n', Pin 14 = V,n" 


0.1 

50 


0.1 

50 


Shutdown Input Voltage 
at Pin 14 

louT < lOO/iA, Pin 13 = V,n", Pin 12 = V.n'' 

0.4 

1 


0.4 

1 


V 

Shutdown Input Current 
at Pin 14 

Pin 14 = V,N~, Pin 12 = Vin"”, 
louT< 100/iA, Pin 13 = V,N 


-100 

-150 


-100 

-150 

A'A 

Thermal Shutdown (Note 3) 



165 



165 


°c 

Fault Amplifier Section | 

Under- and Over- Voltage 

Fault Threshold 

VcM = 1.5V, @ E/A Inputs 

120 

150 

180 

no 

150 

190 

mV 

Common Mode Sensitivity 

V,N+ = 35V, VcM = 1.5 to 33V 


-0.4 

-0.8 


-0.4 

-1.0 

%/V 

Supply Sensitivity 

VcM =1.5V, Vin"" = 5 to 35V 


-0.5 

-1.0 


-0.5 

-1.2 

%/V 

Fault Delay 


30 

45 

60 

30 

45 

60 

ms//iF 

Fault Alert Output Current 


2 

5 


2 

5 


mA 

Fault Alert Saturation Voltage 

louT =lmA 


0.2 

0.5 


0.2 

0.5 

V 

O.V. Latch Output Current 


2 

4 


2 

4 


mA 

O.V. Latch Saturation Voltage 

louT — 1mA 


1.0 

1.3 


1.0 

1.3 

V 

O.V. Latch Output 

Reset Voltage 


0.3 

0.4 

0.6 

0.3 

0.4 

0.6 

V 

Crowbar Gate Current 


-100 

-175 


-100 

-175 


mA 

Crowbar Gate 

Leakage Current 

= 35V, Pin 16 = V,n' 


-0.5 

-50 


-0.5 

-50 

/iA 


Note: 2. When using both the 1.5V and -2.0V references the current out of Pin 3 should be balanced by an equivalent current into Pin 2. The -2.0V 
output \will change -2.3mV per /;A of inbalance. 

3. Thermal shutdown turns off the driver. If Pin 15 (O.V. Latch Output) is tied to Pin 14 (Compensation/Shutdown), the O.V. Latch will be reset. 


UNITRODE CORPORATION • 5 FORBES ROAD 
LEXINGTON, MA 02173 • TEL. (617) 861-6540 
TWX (710) 326-6509 • TELEX 95-1064 


3-91 


PRINTED IN U S.A 




UC1834 

UC2834 

UC3834 


ELECTRICAL CHARACTERISTICS (Unless otherwise stated, these specifications apply for Ta = -55°C to +125°C for the UC1834; 

-25®C to +85°C for the UC2834: and 0°C to +70^0 for the UC3834; Vin"" = 15V, V,n = OV.) 


PARAMETER 

TEST CONDITIONS 

UC1834/UC2834 

UC3834 

UNITS 

MIN. 1 TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

Current Sense Amplifier Section | 

Threshold Voltage 

Pin 4 Open, Vcm = Vin"^ or Vin 

130 

150 

170 

120 

150 

180 

mV 

Pin 4 = 0.5V, Vcm = V.n’' or V.n" 

40 

50 

60 

30 

50 

70 

Threshold Supply Sensitivity 

Pin 4 Open, Vcm = V,n', V,n* = 5 to 35V 


-0.1 

-0.3 


-0.1 

-0.5 

%/V 

Adj. Input Current 

Pin 4 = 0.5V 


-2 

-10 


-2 

-10 

aA 

Sense Input Bias Current 

Vcm = ViN^ 


100 

200 


100 

200 

fJiA 

1 

z 

> 

II 

o 

> 


-100 

-200 


-100 

-200 


Current Sense Threshold Adjustment 



E 

I 

c/) 



Current Limiting Knee Characteristic 



-10 -7,5 -5.0 -2,5 CURRENT SENSE 

THRESHOLD 

DIFFERENTIAL VOLTAGE AT CURRENT SENSE INPUTS - mV 
(REFERENCED TO SENSE - INPUT) 


Error Amplifier Gain and Phase 
Frequency Response 



Current Sense Amplifier Gain and Phase 



10 100 IK lOK lOOK IM 


10 100 IK lOK lOOK IM 


FREQUENCY - HERTZ 


FREQUENCY - HERTZ 
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APPLICATION INFORMATION 

Foldback Current Limiting Setting The Threshold Adjust Voltage (Vaoj) 




Both the current sense and error amplifiers 
on the UC1834 are transconductance type 
amplifiers. As a result, their voltage gain is a 
direct function of the load impedence at 
their shared output pin, Pin 14. Their small 
signal voltage gain as a function of load and 
frequency is nominally given by; 


Av E/A 


ZL(f) 

7000 


and Av cs./a - 


ZL(f) 

700 


for: f < 500kHz and IZ^f)! < IMO, 


where: 

Av = small signal voltage gain to Pin 14, 
ZtCf) = load impedence at Pin 14. 


The UC1834 fault delay circuitry prevents 
the fault outputs from responding to 
transient fault conditions. The delay reset 
latch insures that the full, user defined, 
delay passes before an over-voltage fault 
response occurs. This prevents 
unnecessary crowbar, or latched-off 
conditions, from occurring following sharp 
under-voltage to over-voltage transients. 

The crowbar output on the UC1834 is 
activated following a sustained over-volatge 
condition. The crowbar output remains high 
as long as the fault condition persists, or, as 
long as the over-voltage latch is set. The 
latch is set with an over-voltage fault if the 
voltage at Pin 15 is above the latch reset 
threshq[d, typically 0.4V. When the latch is 
set, its Q output will pull Pin 15 low through a 
series diode. As long as a nominal quil-up 
load exists, the series diode prevents Q from 
pulling Pin 15 below the reset threshold. 
However, Pin 15 is pulled low enough to 
disable the driver outputs if Pins 15 and 14 
are tied together. With Pin 15 and 14 
common, the regulator will latch off in 
response to an over-voltage fault. If the fault 
condition is cleared and Pins 14 and 15 are 
momentarily pulled below the latch reset 
threshold, the driver outputs are re-enabled. 
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LINEAR INTEGRATED CIRCUITS Ucito 

Programmable, Off-Line, PWM Controller UC3840 


FEATURES 

• All control, driving, monitoring, and 
protection functions included 

• Low-current, off-line start circuit 

• Feed-forward line regulation over 4 to 1 
input range 

• PWM latch for single pulse per period 

• Pulse-by-pulse current limiting plus 
shutdown for over-current fault 

• No start-up or shutdown transients 

• Slow turn-on and maximum duty-cycle 
clamp 

• Shutdown upon over- or under-voltage 
sensing 

• Latch off or continuous retry after fault 

• Remote, pulse-commandable start/ stop 

• PWM output switch usable to lA peak 
current 

• 1% reference accuracy 

• 500kHz operation 

• 18-pin DIL package 


DESCRIPTION 

Although containing most of the features required by all types of switching power supply 
controllers, the UC1840 family has been optimized for highly-efficient boot-strapped 
primary-side operation in forward or flyback power converters. Two important features 
for this mode are a starting circuit which requires little current from the primary input 
voltage and feed-forward control for constant volt-second operation over a wide input 
voltage range. 

In addition to startup and normal regulating PWM functions, these devices offer built-in 
protection from over-voltage, under-voltage, and over-current fault conditions. This 
monitoring circuitry contains the added features that any fault will initiate a complete 
shutdown with provisions for either latch off or automatic restart. In the latch-off mode, 
the controller may be started and stopped with external pulsed or steady-state 
commands. 

Other performance features of these devices include a 1% accurate reference, provision 
for slow-turn-on and duty-cycle limiting, and high-speed pulse-by-pulse current limiting 
in addition to current fault shutdown. 

The LIC1840’s PWM output stage includes a latch to insure only a single pulse per period 
and is designed to optimize the turn off of an external switching device by conducting 
during the "OFF” time with a capability for both high peak current and low saturation 
voltage. These devices are available in an 18-pin dual-in-line plastic or ceramic package. 
The UC1840 is characterized for operation over the full military temperature range of 
-55°C to +125®C. The UC2840 and UC3840 are designed for operation from -25°C to 
+85°C and O^C to +70°C, respectively. 


BLOCK DIAGRAM 
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UC1840 

UC2840 

UC3840 


ABSOLUTE MAXIMUM RATINGS (Note 1) 

Supply Voltage, +Vin (Pin 15) 

Voltage Driven +32V 

Current Driven, 100mA maximum Self-limiting 

PWM Output Voltage (Pin 12) 40V 

PWM Output Current, Steady-State (Pin 12) 400mA 

PWM Output Peak Energy Discharge 20//Joules 

Driver Bias Current (Pin 14) -200mA 

Reference Output Current (Pin 16) -50mA 

Slo\w-Start Sink Current (Pin 8) 20mA 

ViN Sense Current (Pin 11) 10mA 

Current Limit Inputs (Pins 6 & 7) -0.5 to +5.5V 

Comparator Inputs (Pins 2, 3, 4, 5, 17, 18) -0.3 to +32V 

Power Dissipation at Ta = 25®C lOOOmW 

Derate at 10 mW/®C for Ta above 50°C 

Power Dissipation at Tc = 25‘’C 2000mW 

Derate at 16 mW/^C for Tc above 25'’C 

Thermal Resistance, Junction to Ambient 100°C/W 

Thermal Resistance, Junction to Case 60®C/W 

Operating Junction Temperature -55®C to +150°C 

Storage Temperature Range -65®C to +150®C 

Lead Temperature (Soldering, 10 sec) +300°C 


Notes: 1. All voltages are with respect to ground. Pin 13. 

Currents are positive-into, negative-out of the specified terminal. 


CONNECTION DIAGRAM 


DIL-18 (TOP VIEW) UC1840 

J or N PACKAGE UC2840 

UC3840 


COMPENSATION 

1 


18 

NON-INV INPUT 

START/UV 

2 


17 

INVERTING INPUT 

OV SENSE 

3 


16 

5,0V REF 

STOP 

4 


15 

+ ViN SUPPLY 

RESET 

5 


14 

DRIVER BIAS 

CURRENT THRESHOLD 

6 


13 

GROUND 

CURRENT SENSE 

7 


12 

PWM OUTPUT 

SLOW-START 

8 


11 

V,N SENSE 

Rt/Ct 

9 


10 

RAMP 


ELECTRICAL CHARACTERISTICS (Unless otherwise stated, these specifications apply for Ta = -55®C to +125°C for the UC1840, 
-25°C to +85^0 for the UC2840, and O^’C to 70®C for the UC3840; Vin = 20V, Rt = 20k, 

Ct = .OOlmfd, Cr = .OOlmfd, Current Limit Threshold = 200mV) 


PARAMETER 

TEST CONDITIONS 

UC1840 

UC2840 

UC3840 

UNITS 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

Power Inputs | 

Start-Up Current 

Vin = 30V, Pin 2 = 2.5V, Tj = 25^0 


4 

5.5 


4 

5.5 

mA 

Start-Up Current T.C.* 

Vin = 30V, Pin 2 = 2.5V 


-0.1 

-0.2 


-0.1 

-0.2 

%/‘’C 

Operating Current 

Vin = 30V, Pin 2 = 3.5V 

5 

10 

15 

5 

10 

15 

mA 

Supply OV Clamp 

Vin = 20mA 

33 

40 

45 

33 

40 

48 

V 

Reference Section | 

Reference Voltage 

Tj = 25®C 

4.95 

5.0 

5.05 

4.9 

5.0 

5.1 

V 

Line Regulation 

Vin = 8 to 30V 


10 

15 


10 

20 

mV 

Load Regulation 

II = 0 to 20mA 


10 

20 


10 

30 

mV 

Temperature Coefficient* 

Over operating temperature range 



±0.4 



±0.4 

mV/°C 

Short Circuit Current 

Vref = 0, Tj = 25°C 


-80 

-100 


-80 

-100 

mA 

Oscillator | 

Nominal Frequency 

Tj = 25®C 

47 

50 

53 

45 

50 

55 

kHz 

Voltage Stability 

Vin = 8 to 30V 


0.5 

1 


0.5 

1 

% 

Temperature Coefficient* 

Over operating temperature range 



±.08 



±.08 

%rc 

Maximum Frequency 

Rt = 2kn, Ct = 330pF 

500 



500 



kHz 

Ramp Generator | 

Ramp Current, Minimum 

ISENSE = -10/;(A 


-11 

-14 


-11 

-14 


Ramp Current, Maximum 

IsENSE = 1.0mA 

-0.9 

-.95 


-0.9 

-.95 


mA 

Ramp Valley 


0.3 

0.5 

0.7 

0.3 

0.5 

0.7 

V 

Ramp Peak 

Clamping Level 

3.9 

4.2 

4.5 

3.9 

4.2 

4.5 

V 


*Guaranteed by design. Not 100% tested in production. 
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UC1840 

UC2840 

UC3840 


ELECTRICAL CHARACTERISTICS (Unless otherwise stated, these specifications apply for Ta = -55®C to +125®C for the UC1840, 
-25®C to +85®C for the UC2840, and OX to 70X for the UC3840: Vin = 20V, Rj = 20k, 

Ct = .OOlmfd, Cr = .OOlmfd, Current Limit Threshold = 200mV) 


PARAMETER 

TEST CONDITIONS 

UC1840 

UC2840 

UC3840 

UNITS 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

Error Amplifier | 

Input Offset Voltage 

VcM = 5.0V 


0.5 

5 


2 

10 

mV 

Input Bias Current 



0.5 

2 


1 

5 

/iA 

Input Offset Current 




0.5 



0.5 

ywA 

Open Loop Gain 

AVo = 1 to 3V 

60 

66 


60 

66 


dB 

Output Swing 

(Max. Output < Ramp Peak - lOOmV) 

Minimum Total Range 

0.3 


3.5 

0.3 


3.5 

V 

CMRR 

VcM = 1.5 to 5.5V 

70 

80 


70 

80 


dB 

PSRR 

Vin = 8 to 30V 

40 

50 


40 

50 


dB 

Short Circuit Current 

VcoMP = OV 


-4 

-10 


-4 

-10 

mA 

Gain Bandwidth* 

Tj = 25®C, Avol == OdB 

1 

2 


1 

2 


MHz 

Slew Rate* 

Tj = 25°C, Avcl = OdB 


0.8 



0.8 


V///S 

PWM Section | 

Continuous Duty Cycle Range* 

(other than zero) 

Minimum Total Continuous Range 
Ramp Peak < 4.2V 

5 


95 

5 


95 

% 

Output Saturation 

louT = 20mA 


0.2 

0.4 


0.2 

0.4 

V 

Output Saturation 

louT = 200mA 


1.7 

2.2 


1.7 

2.2 

V 

Output Leakage 

VouT = 40V 


0.1 

10 


0.1 

10 


Comparator Delay* 

Pin 8 to Pin 12 

Tj = 25X, Rl = IkO 


300 

1 

500 


300 

500 

ns 

Sequencing Functions | 

Comparator Thresholds 

Pins 2, 3, 4, 5 

2.8 

3.0 

3.2 

2.8 

3.0 

3.2 

V 

Input Bias Current 

Pins 3, 4, 5 = OV 


-1.0 

-3.0 


-1.0 

-3.0 


Start/UV Hysteresis Current 

Pin 2 = 2.5V, Tj = 25X 

180 

200 

220 

170 

200 

230 


Input Leakage 

Input V = 20V 


0.1 

10 


0.1 

10 


Driver Bias Saturation Voltage, Vin - Vqh 

Ib = "50mA 


2 

3 


2 

3 

V 

Driver Bias Leakage 

> 

o 

II 

m 

> 


-0.1 

-10 


-0.1 

-10 

/iA 

Slow-Start Saturation 

Is = 2mA 


0.2 

0.5 


0.2 

0.5 

V 

Slow-Start Leakage 

Vs = 4.5V 


0.1 

2.0 


0.1 

2.0 


Current Control { 

Current Limit Offset 



0 

5 


0 

10 

mV 

Current Shutdown Offset 


370 

400 

430 

360 

400 

440 

mV 

Input Bias Current 

Pin 7 = OV 


-2 

-5 


-2 

-5 

M 

Common Mode Range* 


"0.4 


3.0 

-0.4 


3.0 

V 

Current Limit Delay* 

Tj = 25X, Pin 7 to 12, Rl = Ik 


200 

400 


200 

400 

ns 


*Guaranteed by design. Not 100% tested in production. 
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UC1840 

UC2840 

UC3840 


FUNCTIONAL DESCRIPTION 


PWM CONTROL 

1. Oscillator: 

Generates a fixed-frequency internal clock from an external Rt and Ct. 

Kc 

Frequency - ^ ^ where Kc is a first-order correction factor « 0.3 log (Ct X 10^^). 

Rtw 

2. Ramp Generator: 

dv sense voltage 

Develops a linear ramp with a slope defined externally by = 

dt RrCr 

Cr is normally selected < Ct and its value will have some effect upon valley voltage. 

Cr terminal can be used as an input port for current mode control. 

3. Error Amplifier: 

Conventional operational amplifier for closed-loop gain and phase compensation. 

Low output impedance; unity-gain stable. 

4. Reference Generator: 

Precision 5.0V for internal and external usage to 50mA. 

Tracking 3.0V reference for internal usage only with nominal accuracy of ± 2%. 

40V clamp zener for chip OV protection, 100mA maximum current. 

5. PWM Comparator: 

Generates output pulse which starts at termination of clock pulse and ends when the ramp input 
crosses the lowest of two positive inputs. 

6. PWM Latch: 

Terminates the PWM output pulse when set by inputs from either the PWM comparator, the pulse- 
by-pulse current limit comparator, or the error latch. Resets with each internal clock pulse. 

7. PWM Output Switch: 

Transistor capable of sinking current to ground which is off during the PWM on-time and turns on 
to terminate the power pulse. Current capacity is 400mA saturated with peak capacitance 
discharge in excess of one amp. 

SEQUENCING FUNCTIONS | 

1. Start/UV Sense: 

This comparator performs three functions— 

With an increasing voltage, it generates a turn-on signal at a start threshold. 

With a decreasing voltage, it generates a UV fault signal at a lower level separated by a 

200/yA hysteresis current. 

At the UV threshold, it also resets the Error Latch if the Reset Latch has been set. 

2. Drive Switch: 

Disables most of the chip to hold internal current consumption low, and Driver Bias OFF, until 
input voltage reaches start threshold. 

3. Driver Bias: 

Supplies drive current to external power switch to provide turn-on bias. 

4. Slow Start: 

Clamps low to hold PWM OFF. Upon release, rises with rate controlled by RsCs for slow increase of 
output pulse width. 

Also used to clamp maximum duty cycle with divider Rs Roc- 

5. Start Latch: 

Keeps low input voltage at initial turn-on from being defined as a UV fault. Sets at start level to 
monitor for UV fault. 

6. Reset Latch: 

When reset, this latch insures no reset signal to either Start or Error latches so that first fault will 
lock the PWM off. 

When set, this latch resets the Start and Error latches at the UV low threshold, allowing a restart. 

PROTECTION FUNCTIONS j 

1. Error Latch: 

When set by momentary input, this latch insures immediate PWM shutdown and 
hold off until reset. 

Inputs to Error Latch are: 

a. UV low (after turn-on) 

b. OV high 

c. Stop low 

d. Current Sense 400mV over threshold. 

Error Latch resets at UV threshold if Reset Latch is set. 

2. Current Limiting: 

Differential input comparator terminates individual output pulses each time sense voltage rises 
above threshold. 

When sense voltage rises to 400mV above threshold, a shutdown signal is sent to Error Latch. 
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UC1840 

UC2840 

UC3840 


OPEN-LOOP TEST CIRCUIT 



Nominal Frequency = = 50kHz UV Fault Voltage = 3 ( — ^ •) = 8V Current Limit = 200mV 

Kt Ct V n2 **■ K3 / 

, . . . Current Fault Voltage = 600mV 

Start Voltage = 3 j + 0.2Ri = 12V OV Fault Voltage = 3 P ^ p^ ^ ^ j = 32V Duty Cycle Clamp = 50% 


FLYBACK APPLICATION (A) 

In this application (see Figure A, next page), complete control is 
maintained on the primary side. Control power is provided by Rin 
and CiN during start-up, and by a primary-referenced low voltage 
winding, N2, for efficient operation after start. The error amplifier 
loop is closed to regulate the DC voltage from N2 with other 
outputs following through their magnetic coupling — a task made 
even easier with the UC1840's feed-forward line regulation. 

An extension to this application for more precise regulation would 
be the use of the UC1901 Isolated Feedback Generator for direct 
closed-loop control to an output. The UC1840 will readily accept 
digital start/stop commands transmitted from the secondary side 
by means of optical couplers. 

Not shown are protective snubbers or additional interface circui- 
try which may be required by the choice of the high-voltage 
switch, Qs, or the application. 


REGULATOR APPLICATION (B) 

Although primarily intended for transformer-coupled power sys- 
tems, the UC1840’s advantages of feed-forward for high ripple- 
rejection, a fully contained fault monitoring system and remote 
start/stop capability make it worth considering for other types of 
regulators. Since the fault logic within the UC1840 requires recy- 
cling the voltage sensed by the Start/UV Comparator to reset the 
error latch, a need for automatic restart must be addressed in a 
manner similar to that shown in Figure B (next page). In this 
simple, non-isolated, buck regulator; diode D1 provides a low- 
impedence bootstrapped drive power source after start-up is 
achieved through Rin and Cin. When a fault shutdown terminates 
switching action, the loading of Q1 and Rdwill lower the voltage on 
pin 2 to effect an automatic re-start attempt which will continu- 
ously recycle until the fault is removed. 
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UC1840 

UC2840 

UC3840 


UC1840 POWER SEQUENCING FUNCTIONS 



UC1840 POWER SEQUENCING FUNCTIONS 
TIME EVENT 


A 

B 

C 

D 

E 

F 

H / 
I 

J 

K 

L 

M 

N 

0 

;> 

R 

S 

T 

U 

V 


Initial turn-on, Vc rises with light load 

Start threshold. Driver Bias loads Vc 

Operating PWM regulates Vc 

Stop input sets Error Latch turning off PWM 

UV low threshold, Error Latch remains set 

Start turns on Driver Bias but Error Latch still set 

Vc and Driver Bias continue to cycle 

Stop command removed 

Error Latch reset at UV low threshold 

Start threshold now removes slow-start clamp 

Return to normal run state 

Reset Latch set signal removed 

Error Latch set with momentary fault 

Error Latch does not reset as Reset Latch is reset 

Vc and Driver Bias recycle with no turn-on. 

Reset Latch set is set with momentary Reset signal 

Vc must complete cycle to turn-on 

Start and Error Latches reset 

Normal start initiated 

Return to normal run state 
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LINEAR INTEGRATED CIRCUITS 

Off-Line Current Mode PWM Controller 


UC1842 

UC2842 

UC3842 


FEATURES 

• Optimized for off-line control 

• Low start up current (<lmA) 

• Automatic feed forward compensation 

• Pulse-by-pulse current limiting 

• Enhanced load response characteristics 

• Under-voltage lockout with 6V 
hysteresis 

• Double pulse suppression 

• High current totem pole output 

• Internally trimmed bandgap reference 

• 500kHz operation 


DESCRIPTION 

The UC1842 family of control ICs provides in an eight pin mini-dip the necessary 
features to implement off-line, fixed frequency current mode control schemes with a 
minimal external parts count. The superior performance of this technique can be 
measured in improved line regulation, enhanced load response characteristics, and a 
simpler, easier to design control loop. Topological advantages include inherent pulse-by- 
pulse current limiting. 

Protection circuitry includes built in under-voltage lockout and current limiting. Other 
features include fully latched operation, a 1% trimmed bandgap reference, and start-up 
current less than 1mA. ? ; 

These devices feature a totem pole output designed to source and sink high peak 
current from a capacitive load, such as the gate of a power MOSFET. Consistent with N 
Channel power devices, the output is low in the OFF state. 


ABSOLUTE MAXIMUM RATINGS (Note 1) 


CONNECTION DIAGRAM 


Supply Voltage (Ice < 30mA) vT.. Self Limiting 

Supply Voltage (Low Impedence Source) . :,J, 30V 

Output Current ±1A 

Output Energy (Capacitive Load) . 5//J 

Analog Inputs (Pin 2, Pin 3) * V; -0.3V to Vec 

Error Amp Output Sink Current * ..i 10mA 

Power Dissipation at Ta < 70°C IW 

Derate 12.5mW/°C for Ta > 70®C 

Storage Temperature Range -65°C to -»-150°C 

Lead Temperature (Soldering, 10 Seconds) 300°C 

Note: 1. All voltages are with respect to Pin 5. 

All currents are positive into the specified terminal. 

BLOCK DIAGRAM 


DIL-8 (TOP VIEW) 


N or J PACKAGE 


COMP \T 


Vref 

vfbH; 


TJVee 

1 SENSE 


^ OUTPUT 

Rt/Ct 


T] GROUND 



CURRENT 

SENSE 


3-102 


UNITRODE 






UC1842 

UC2842 

UC3842 


ELECTRICAL SPECIFICATIONS (Unlessotherwise stated, these specificationsapplyfor -55 <TA<125°CforUC1842;-25<TA<85°C 
for UC2842; 0 < Ta < 70°C for UC3842: Vcc = 15V (Note 5); Rt = lOK; Ct = 3.3nF.) 


PARAMETER 

TEST CONDITIONS 

UC1842 

UC2842 

UC3842 

UNITS 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

Reference Section | 

Output Voltage 

Tj = 25°C, lo=lmA 

4.95 

5.00 

5.05 

4.90 

5.00 

5.10 

V 

Line Regulation 

12 < ViN < 25V 


6 

20 


6 

20 

mV 

Load Regulation 

1 < lo < 20mA 


6 

25 


6 

25 

mV 

Temp. Stability 

(Note 2) 


0.2 

0.4 


0.2 

0.4 

mV/°C 

Total Output Variation 

Line, Load, Temp. (Note 2) 

4.90 


5.10 

4.82 


5.18 

V 

Output Noise Voltage 

lOHz < f < lOkHz, Tj = 25^0 (Note 2) 


50 



50 


aV 

Long Term Stability 

Ta = 125®C, 1000 Mrs. (Note 2) 


5 

25 


5 

25 

mV 

Output Short Circuit 

Ta = 25‘’C 


-100 

-130 


-100 

-130 

mA 

Oscillator Section | 

Initial Accuracy 

Tj = 25^0 

47 

52 

57 

47 

52 

57 

kHz 

Voltage Stability 

12 < Vcc < 25V 


0.2 

1 


0.2 

1 

% 

Temp. Stability 

Tmin < Ta < Tmax (Note 2) 


5 



5 


% 

Amplitude 

VpiN 4 peak to peak 


1.7 



1.7 


V 

Error Amp Section | 

Input Voltage 

VpfN 1 = 2.5V 

2.45 

2.50 

2.55 

2.42 

2.50 

2.58 

V 

Input Bias Current 



-0.3 

-1 


-0.3 

-2 

M 

Avol 

2 < Vo < 4V 

65 

90 


65 

90 


dB 

Unity Gain Bandwidth 

(Note 2) 

0.7 

1 


0.7 

1 


MHz 

PSRR 

12 < Vcc < 25V 

60 

70 


60 

70 


dB 

Output Sink Current 

VpiN 2 = 2.7V, Vpin 1 = I.IV 

2 

6 


2 

6 


mA 

Output Source Current 

VpiN 2 = 2.3V, VpiN 1 = 5V 

-0.5 

-0.8 


-0.5 

-0.8 


mA 

VouT High 

VpiN 2 = 2.3V, Rl = 15K to ground 

5 

6 


5 

6 


V 

VouT Low 

Vpin 2 = 2.7V, Rl = 15Kto Pin 8 


0.7 

1.1 


0.7 

1.1 

V 

Current Sense Section | 

Gain 

(Notes 3 & 4) 

2.85 

3 

3.15 

2.85 

3 

3.15 

V/V 

Maximum Input Signal 

Vpin 1 = 5V (Note 3) 

0.9 

1 

1.1 

0.9 

1 

1.1 

V 

PSRR 

12 < Vcc < 25V (Note 3) 


70 



70 


dB 

Input Bias Current 



-2 

-10 


-2 

-10 

aA 

Delay to Output 

T] = 25° (Note 2) 


200 

400 


200 

400 

ns 

Output Section | 

Output Low Level 

IsiNK = 20mA 


0.1 

0.4 


0.1 

0.4 

V 

IsiNK = 200mA 


1.5 

2.2 


1.5 

2.2 

V 

Output High Level 

IsouRCE = 20mA 

13 

13.5 


13 

13.5 


V 

IsouRCE = 200mA 

12 

13.5 


12 

13.5 


V 

Rise Time 

Tj = 25°C, Cl = InF (Note 2) 


50 

150 


50 

150 

ns 

Fall Time 

Tj = 25°C, Cl = InF (Note 2) 


50 

150 


50 

150 

ns 


Notes: 2. These parameters, although guaranteed, are not 100% tested in production. 

3. Parameter measured at trip point of latch with Vrin 2 = 0. 

4. Gain defined as: 

A VptN 1 

A = ; 0 < VpiN 3 ^ 0.8V. 

A VpiN 3 

5. Adjust Vcc above the start threshold before setting at 15V, 
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UC1842 

UC2842 

UC3842 


ELECTRICAL SPECIFICATIONS (Unless otherwise stated, these specifications apply for -55 <Ta < 125®C for UC1842; -25 <Ta <85®C 
for UC2842; 0 < Ta < 70®C for UC3842; Vcc = 15V (Note 5); Rt = lOK; Ct = 3.3nF.) 


PARAMETER 

TEST CONDITIONS 

UC1842 

UC2842 

UC3842 

UNITS 



MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 


Under-Voltage Lockout Section | 

Start Threshold 


15 

16 

17 

14.5 

16 

17.5 

V 

Min. Operating Voltage 

After Turn On 

9 

10 

11 

8.5 

10 

11.5 

V 

Total Standby Current | 

Start-Up Current 



0.5 

1 


0.5 

1 

mA 

Operating Supply Current 

VpiN 2 = VpiN 3 = OV 


11 

15 


11 

15 

mA 

Vcc Zener Voltage 

Icc = 25mA 


34 




34 


V 


Notes: 2. These parameters, although guaranteed, are not 100% tested in production. 

3. Parameter measured at trip point of latch with Vpin 2 = 0. 

4. Gain defined as: . 

A VpitM i 

A= — ~^;0<VpiN 3<0.8V. 

A VpiN 3 

5. Adjust Vcc above the start threshold before setting at 15V. 


UNDER-VOLTAGE LOCKOUT 


Vcc“ 


I 

I 

-TH- 

I 

I 

I 

I 

I 

I 

L. 





<15mA ■ 



II II 

O 0) 

< < 

<1mA- 




ERROR AMP CONFIGURATION 



ERROR AMP CAN SOURCE OR SINK UP TO 0.5mA 
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Oscillator timing capacitor, Ct, is charged by Vref through Rt and 
discharged by an internal current source. During the discharge 
dme, the internal clock signal blanks the output to the low state. 
Selection of Rt and Ct therefore determines both oscillator 
frequency and maximum duty cycle. Charge and discharge times 
are determined by the formulas: 


tc«0.55 RtCt 
td ^ RtCt / n 


( 6.3 Rt-2.7 \ 
6.3 Rt- 4 ) 


Frequency, then, is: f = (tc + td)~\ 

1.8 

For Rt > 5k f « 

RtCt 


(Rt in KQ) 


UNITRODE CORPORATION • 5 FORBES ROAD 
LEXINGTON, MA 02173 • TEL. (617) 861-6540 
TWX (710) 326-6509 • TELEX 95-1064 


3-105 


PRINTED IN U.S.A. 







SATURATION VOLTAGE — (V) 


UC1842 

UC2842 

UC3842 


Output Saturation Characteristics Error Amplifier Open-Loop Frequency Response 



.01 .02 .03.04 .05 .07 .1 .2 .3 .4 .5 .7 1.0 10 100 IK 10K 100K 1M 10M 

OUTPUT CURRENT, SOURCE OR SINK — (A) FREQUENCY — (Hz) 


OPEN-LOOP LABORATORY TEST FIXTURE 



High peak currents associated with capacitive loads necessitate The transistor and 5K potentiometer are used to sample the 

careful grounding techniques. Timing and bypass capacitors oscillator waveform and apply an adjustable ramp to pin 3. 

should be connected close to pin 5 in a single point ground. 
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UC1842 

UC2842 

UC3842 


SHUTDOWN TECHNIQUES 



Shutdown of the UC1842 can be accomplished by two methods; 
either raise pin 3 above IV or pull pin 1 below a voltage two diode 
drops above ground. Either method causes the output of the PWM 
comparator to be high (refer to block diagram). The PWM latch is 
reset dominant so that the output will remain low until the next 


clock cycle after the shutdown condition at pins 1 and/or 3 is 
removed. In the examples shown, an externally latched shutdown 
may be accomplished by adding an SCR which will be reset by 
cycling Vcc below the lower UVLO threshold (lOV). At this point all 
internal bias is removed allowing the SCR to reset. 


OFF-LINE FLYBACK REGULATOR 
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LINEAR INTEGRATED CIRCUITS 

Current Mode PWM Controller 


UC1846 UC1847 
UC2846 UC2847 
UC3846 UC3847 


FEATURES 

• Automatic feed forward compensation 

• Programmable pulse by pulse current 
limiting 

• Automatic symmetry correction in push- 
pull configuration 

• Enhanced load response characteristics 

• Parallel operation capability for modular 
power systems 

• Differential current sense amplifier with 
wide common mode range 

• Double pulse suppression 

• 200mA totem-pole outputs 

• ±1% bandgap reference 

• Under-voltage lockout 

• Soft start capability 

• Shutdown terminal 

• 500kHz operation 


DESCRIPTION 

The UC1846/1847 family of control ICs provides all of the necessary features to imple- 
ment fixed frequency, current mode control schemes while maintaining a minimum 
external parts count. The superior performance of this technique can be measured in 
improved line regulation, enhanced load response characteristics, and a simpler, easier- 
to-design control loop. Topological advantages include inherent pulse-by-pulse current 
limiting capability, automatic symmetry correction for push-pull converters, and the 
ability to parallel “power modules" while maintaining equal current sharing. 

Protection circuitry includes built-in under-voltage lockout and programmable current 
limit in addition to soft start capability. A shutdown function is also available which can 
initiate either a complete shutdown with automatic restart or latch the supply off. 

Other features include fully latched operation, double pulse suppression, deadtime 
adjust capability, and a ±1% trimmed bandgap reference. 

The UC1846 features low outputs in the OFF state, while the UC1847 features high 
outputs in the OFF state. 


BLOCK DIAGRAM 
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UC1846 UC1847 
UC2846 UC2847 
UC3846 UC3847 


ABSOLUTE MAXIMUM RATINGS (Note 1) 

Supply Voltage (Pin 15) +40V 

Collector Supply Voltage (Pin 13) +40V 

Output Current, Source or Sink (Pins 11, 14) 500mA 

Analog Inputs (Pins 3, 4, 5, 6, 16) -0.3V to +Vin 

Reference Output Current (Pin 2) -30mA 

Sync Output Current (Pin 10) -5mA 

Error Amplifier Output Current (Pin 7) -5mA 

Soft Start Sink Current (Pin 1) 50mA 

Oscillator Charging Current (Pin 9) 5mA 

Power Dissipation at Ta = 25®C lOOOmW 

Derate at 10mW/°C for Ta above 50®C 

Power Dissipation at Tc = 25°C 2000mW 

Derate at 16mW/“C for Tc above 25°C 

Thermal Resistance, Junction to Ambient 100°C/W 

Thermal Resistance, Junction to Case 60®C/W 

Storage Temperature Range -65®C to +150°C 

Lead Temperature (soldering, 10 seconds) +300°C 


Note: 1. All voltages are with respect to Ground, Pin 13. 

Currents are positive into, negative out of the specified terminal. 


CONNECTION DIAGRAM 


DIL-18 (TOP VIEW) 

J or N PACKAGE 


CURRENT 
LIMIT/ pp 
SOFTSTART Li_ 

rn 

SHUTDOWN 

Vref [2_ 


ViN 

(-) CURRENT pr- 
SENSE lAj 


OUTPUT B 

(+) CURRENT pp 
SENSE lA. 


m Vc 

(+) ERROR AMP [y 


12] GROUND 

(-) ERROR AMP \T 


IT] OUTPUT A 

COMPENSATION \T 


13 SYNC 

Ct [T 


U Rt 




ELECTRICAL CHARACTERISTICS (Unless otherwise stated, these specifications apply for Ta = -55°C to +125°C for UC1846/UC1847: 

-25°C to +85°C for the UC2846/UC2847; and OX to +70X for the UC3846/UC3847; V,n =15V, 

Rt = 10k, Ct = 4.7nF) 


PARAMETER 

TEST CONDITIONS 

UC1846/UC1847 

UC2846/UC2847 

UC3846/UC3847 

UNITS 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

Reference Section | 

Output Voltage 

T, = 25X, lo = 1mA 

5.05 

5.10 

5.15 

5.00 

5.10 

5.20 

V 

Line Regulation 

V,N = 8 to 40V 


5 

20 


5 

20 

mV 

Load Regulation 

II = 1mA to 10mA 


3 

15 


3 

15 

mV 

Temperature Stability 

Over Operating Range, (Note 2) 


0.4 



0.4 


mV/X 

Total Output Variation 

Line, Load, and Temperature (Note 2) 

5.00 


5.20 

4.95 


5.25 

V 

Output Noise Voltage 

lOHz < f < lOkHz, T, = 25X (Note 2) 


100 



100 


aV 

Long Term Stability 

Tj =125X, lOOOHrs., (Note 2) 


5 



5 


mV 

Short Circuit Output Current 

Vref = OV 

-10 

-45 


-10 

-45 


mA 

Oscillator Section | 

Initial Accuracy 

T, = 25X 

39 

43 

47 

39 

43 

47 

kHz 

Voltage Stability 

V,N = 8 to 40V 


-1 

2 


-1 

2 

% 

Temperature Stability 

Over Operating Range (Note 2) 


-1 



-1 


% 

Sync Output High Level 


3.9 

4.35 


3.9 

4.35 


V 

Sync Output Low Level 



3 

2.5 


3 

2.5 

V 

Sync Input High Level 

Pin 8 = OV 

3.9 



3.9 



V 

Sync Input Low Level 

Pin 8 = OV 



2.5 



2.5 

V 

Sync Input Current 

Sync Voltage = 5.25V, Pin 8 = OV 


1.3 

1.5 


1.3 

1.5 

mA 

Error Amp Section | 

Input Offset Voltage 



0.5 

5 


0.5 

10 

mV 

Input Bias Current 



-0.6 

-1 


-0.6 

-2 

M 

Input Offset Current 



40 

250 


40 

250 

nA 

Common Mode Range 

V,N= 8 to 40V 

0 


V,n-2V 

0 


V,n-2V 

V 

Open Loop Voltage Gain 

AVo = 1.2 to 3V, VcM = 2V 

80 

105 


80 

105 


dB 

Unity Gain Bandwidth 

T, = 25X (Note 2) 

0.7 

1.0 


0.7 

1.0 


MHz 

CMRR 

VcM = 0 to 38V, V,N = 40V 

75 

100 


75 

100 


dB 

PSRR 

V,N = 8 to 40V 

80 

105 


80 

105 


dB 

Output Sink Current (7) 

V,D = -15mVto-5V, Vp,n 7 = 1.2V 

2 

6 


2 

6 


mA 

Output Source Current (7) 

V,D = 15mV to 5V, Vp,n 7 = 2.5V 

-0.4 

-0.5 



-0.4 

-0.5 


mA 
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UC1846 UC1847 
UC2846 UC2847 
UC3846 UC3847 


ELECTRICAL CHARACTERISTICS (Unless otherwise stated, these specifications apply for Ta = -55®C to +125°C for UC1846/UC1847; 

-25'’C to +85“C for the UC2846/UC2847; and OX to +70X for the UC3846/UC3847; V,n =15V, 

Rt = 10k, Ct = 4.7nF) 


PARAMETER 

TEST CONDITIONS 

UC1846/UC1847 

UC2846/UC2847 

UC3846/UC3847 

UNITS 



MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

Error Amp Section (continued) | 

High Level Output Voltage 

Rl = (Pin 7) 15kO 

4.3 

4.6 


4.3 

4.6 


V 

Low Level Output Voltage 

Rl = (Pin 7) 15kO 


0.7 

1 


0.7 

1 

V 

Current Sense Amplifier Section | 

Amplifier Gain 

Vpin 3 = OV, Pin 1 Open (Notes 3 & 4) 

2.5 

2.75 

3.0 

2.5 

2.75 

3.0 

V 

Maximum Differential 

Input Signal (Vpm A-Vpm 3 ) 

Pin 1 Open (Note 3) 

Rl (Pin 7) = 15kQ 

1.1 

1.2 


1.1 

1.2 


V 

Input Offset Voltage 

Vpin 1 = 0.5 V 

Pin 7 Open (Note 3) 


5 

25 


5 

25 

mV 

CMRR 

VcM = 1 to 12V 

60 

83 


60 

83 


dB 

PSRR 

V,N = 8 to 40V 

60 

84 


60 

84 


dB 

Input Bias Current 

Vpin 1 = 0.5V, Pin 7 Open (Note 3) 


-2.5 

-10 


-2.5 

-10 

/iA 

Input Offset Current 

Vpin 1 = 0.5V, Pin 7 Open (Note 3) 


0.08 

1 


0.08 

1 

//A 

Input Common Mode Range 


0 


V,n-3 

0 


Vin-3 

V 

Delay to Outputs 

Tj = 25X, (Note 2) 


200 

500 


200 

500 

ns 

Current Limit Adjust Section | 

Current Limit Offset 

Vpin 3 = OV, 

Vpin 4 = OV, Pin 7 Open (Note 3) 

0.45 

0.5 

0.55 

0.45 

0.5 

0.55 

V 

Input Bias Current 

Vpin 5 = Vref, Vpin 6 = OV 


-10 

-30 


-10 

-30 

//A 

Shutdown Terminal Section { 

Threshold Voltage 


250 

350 

400 

250 

350 

400 

mV 

Input Voltage Range 


0 


V,N 

0 


V.N 

V 

Minimum Latching 

Current (Ipm 1 ) 

(Note 6) 

3.0 

1.5 


3.0 

1.5 


mA 

Maximum Non-Latching 
Current (Ipm 1 ) 

(Note 7) 


1.5 

0.8 


1.5 

0.8 

mA 

Delay to Outputs 

Tj = 25X (Note 2) 


300 

600 


300 

600 

ns 

1 Output Section | 

Collector-Emitter Voltage 


40 



40 



V 

Collector Leakage Current 

Vc = 40V (Note 5) 



200 



200 

M 

Output Low Level 

IsiNK = 20mA 


0.1 

0.4 


0.1 

0.4 

V 

IsiNK = 100mA 


0.4 

2.1 


0.4 

2.1 

Output High Level 

IsouRCE - 20mA 

13 

13.5 


13 

13.5 


V 

IsOURCE ~ 100mA 

12 

13.5 


12 

13.5 


Rise Time 

Cl= InF, T| = 25X (Note 2) 


50 

300 


50 

300 

ns 

Fall Time 

Cl= InF, T| = 25X (Note 2) 


50 

300 


50 

300 

ns 

1 Under-Voltage Lockout Section | 

Start-Up Threshold 



7.7 

8.0 


7.7 

8.0 

V 

Threshold Hysteresis 



0.75 



0.75 



1 Total Standby Current | 

1 Supply Current 

1 1 

1 17 

1 21 1 1 17 1 21 

1 mA 


Notes: 

2. These parameters, although guaranteed over the recommended 
operating conditions, are not 100 % tested in production. 

3. Parameter measured at trip point of latch with Vp,n 5 = Vref, Vp.n e = OV 

4. Amplifier gain defined as: ^ 

G = — . ^Vpin 4 = 0 to l.OV 

AVp,n 4 

UNITRODE CORPORATION • 5 FORBES ROAD 
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5. Applies to UC1846/UC2846/UC3846 only due to polarity of outputs. 

6 . Current into Pin 1 guaranteed to latch circuit in shutdown state. 

7. Current into Pin 1 guaranteed not to latch circuit in shutdown state. 











r, 

Ra Vref 
0.5 

Peak Current (Is) is determined by the formula: Is = 

3Rs 
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UC1846 UC1847 
UC2846 UC2847 
UC3846 UC3847 


Soft Start and Shutdown/Restart Functions 




ULiirm ULilTL, 

VrEF 


^ 

> 3mA (LATCHED OFF) 


Vref 

If < 0.8mA, the shutdown latch will commutate 

Ri 


If 


Vref 

> 3mA, the device will latch off 

Ri 


when Us = 0.8mA and a restart cycle will be initiated. 


until power is recycled. 
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UC1846 UC1847 
UC2846 UC2847 
UC3846 UC3847 


Current Sense Amp Connections 



Single Ended Boost Configuration 
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UC1846 UC1847 
UC2846 UC2847 
UC3846 UC3847 


Buck Converter with Current Sense Winding 



Push/Pull Converter with Slope Compensation 



Current loop instability above 50% duty cycle can be corrected slope of the inductor current waveform as shown. Alternatively, 
using slope compensation derived from the sawtooth oscillator, the compensation signal can be summed into the negative input 
Compensation magnitude should be greater than 1/2 of the down- of the error amplifier. 
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LINEAR INTEGRATED CIRCUITS 

Isolated Feedback Generator 


UC1901 

UC2901 

UC3901 


FEATURES 

• An amplitude-modulation system for 
transformer coupling an isolated 
feedback error signal 

• Low-cost alternative to optical couplers 

• Internal 1% reference and error 
amplifier 

• Internal carrier oscillator usable to 
5MHz 

• Modulator synchronizable to an external 
clock 

• Loop status monitor 


DESCRIPTION 

The L)C1901 family is designed to solve many of the problems associated with closing a 
feedback control loop across a voltage isolation boundary. As a stable and reliable 
alternative to an optical coupler, these devices feature an amplitude modulation system 
which allows a loop error signal to be coupled with a small RF transformer or capacitor. 

The programmable, high-frequency oscillator within the UC1901 series permits the use 
of smaller, less expensive transformers which can readily be built to meet the isolation 
requirements of today’s line-operated power systems. As an alternative to RF operation, 
the external clock input to these devices allows synchronization to a system clock or to 
the switching frequency of a SMPS. 

An additional feature is a status monitoring circuit which provides an active-low output 
when the sensed error voltage is within ±10% of the reference. 

Since these devices can also be used as a DC driver for optical couplers, the benefits of 
4.5 to 40V supply operation, a 1% accurate reference, and a high gain general purpose 
amplifier offer advantages even though an AC system may not be desired. 


ABSOLUTE MAXIMUM RATINGS (Note 1) 

Input Supply Voltage, Vin 40V 

Reference Output Current -10mA 

Driver Output Currents -35mA 

Status Indicator Voltage 40V 

Status Indicator Current 20mA 

Ext. Clock Input 40V 

Error Amplifier Inputs -0.5V to +35V 

Power Dissipation at Ta = 25°C 

Derate at 10mW/®C above Ta = 50°C lOOOmW 

Power Dissipation at Tc = 25°C 

Derate at 16mW/°C above Ta = 25°C 2000mW 

Thermal Resistance, Junction to Ambient 100°C/W 

Thermal Resistance, Junction to Case 60°C/W 

Operating Junction Temperature -55°C to +150°C 

Storage Temperature -65°C to +150‘’C 

Lead Temperature (Soldering, 10 seconds) 300°C 


Note 1: Voltages are referenced to ground, Pin 7. 

Currents are positive into, negative out of the specified terminal. 

UC1901 SIMPLIFIED SCHEMATIC 


CONNECTION DIAGRAM 


DIL-14 (TOP VIEW) 

J or N PACKAGE 


Ct [T 

r-^ 

^ +V,N 

EXT. CLOCK [T 


^ STATUS 

MJ OUTPUT 

N/C \T 


^ COMPENSATION 

DRIVER B \T 


IT] INV. INPUT 

DRIVER A [H 


N.l. INPUT 

N/C [6] 


I?] Vref 

GROUND [T 


^ Rt 




STATUS 

OUTPUT 


EXT 

CLOCK 


Rt 



Vin 


N. INV INPUT 
INV INPUT 


ERROR-AMP 

COMPENSATION 


1 5 VOLT 
REFERENCE 


GROUND 


12/83 
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UC1901 

UC2901 

UC3901 


ELECTRICAL CHARACTERISTICS (Unless otherwise stated, these specifications apply for Ta = -55®C to +125®C for the UC1901; 


-25‘’C to +85‘’C for the UC2901: and OX to +70X for the UC3901: Vin = lOV, Rt = lOkQ, 
Ct = 820pF) 


PARAMETER 

TEST CONDITIONS 

UC1901/UC2901 

UC3901 

UNITS 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

Reference Section | 

Output Voltage 

Tj = 25X 

1.485 

1.5 

1.515 

1.47 

1.5 

1.53 

V 

Tmin ^ Tj < Tmax 

1.470 

1.5 

1.530 

1.455 

1.5 

1.545 

Line Regulation 

Vin = 4.5 to 35V 


2 

10 


2 

15 

mV 

Load Regulation 

louT = 0 to 5mA 


4 

10 


4 

15 

mV 

Short Circuit Current 

T| = 25X 


-35 

-45 


-35 

-45 

mA 

Error Amplifier Section (To Compensation Terminal) | 

Input Offset Voltage 

VcM = 1.5V 


1 

4 


1 

8 

mV 

Input Bias Current 

VcM = 1.5V 


-1 

-3 


-1 

-6 

/iA 

Input Offset Current 

VcM = 1.5V 


0.1 

1 


0.1 

2 

//A 

Small Signal Open Loop Gain 


40 

60 


40 

60 


dB 

CMRR 

VcM = 0.5 to 7.5V 

60 

80 


60 

80 


dB 

PSRR 

Vin = 5 to 25V 

80 

100 


80 

100 


dB 

Output Swing, A Vo 


0.4 

0.7 


0.4 

0.7 


V 

Maximum Sink Current 


90 

150 


90 

150 



Maximum Source Current 


-2 

-3 


-2 

-3 


mA 

Gain Band Width Product 



1 



1 


MHz 

Slew Rate 



or 



0.3 


V//iS 

Moduiator/Drivers Section (From Compensation Terminal) | 

Voltage Gain 


11 

12 

13 

10 

12 

14 

dB 

Output Swing 


±1.6 

±2.8 


±1.6 

±2.8 


V 

Driver Sink Current 


500 

700 


500 

700 


M 

Driver Source Current 


-15 

-35 


-15 

-35 


mA 

Gain Band Width Product 



25 



25 


MHz 

Oscillator Section | 

Initial Accuracy 

Tj = 25X 

140 

150 

160 

130 

150 

170 

kHz 

Tmin ^ Tj < Tmax 

130 


170 

120 


180 

kHz 

Line Sensitivity 

Vin = 5 to 35V 


.15 

.35 


.15 

.60 

%/V 

Maximum Frequency 

Rt = lOK, Ct = lOpF 


5 



5 


MHz 

Ext. Clock Low Threshold 

Pin 1 (Ct) = Vin 

0.5 



0.5 



V 

Ext. Clock High Threshold 

Pin 1 (Ct) = Vin 



1.6 



1.6 

V 

Status Indicator Section | 

Input Voltage Window 

@ E/A Inputs, VcM = 1.5V 

±135 

±150 

±165 

±130 

±150 

±170 

mV 

Saturation Voltage 

E/A A Input = OV, Isink = 1.6mA 



0.45 



0.45 

V 

Max. Output Current 

Pin 13 = 3V, E/A A Input = O.OV 

8 

15 


8 

15 


mA 

Leakage Current 

Pin 13 = 40V, E/A A Input = 0.2V 


.05 

1 


.05 

5 


Supply Current 

Vin = 35V 


5 

8 


5 

10 

mA 
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Transformer Coupled Open Loop Transfer Function 




Transformer Data N1 = N2 = 20T AWG 26 

Core = Ferroxcube 3E2A Ferrite, 0 5" 0 D toroid 
Carrier Frequency = IMHz 


Oscillator Frequency 



Typical Driver Output Swing 



-55 -35 -15 5 25 45 65 85 105 125 


Ct value - PICOFARADS 


TEMPERATURE - (“C) 


APPLICATION INFORMATION 

The error amplifier compensation terminal, Pin 12, is intended as 
a source of feedback to the amplifier's inverting input at Pin 11. 
For most applications, a series DC blocking capacitor should be 
part of the feedback network. The amplifier is internally com- 
pensated for unity feedback. 

The waveform at the driver outputs is a squarewave with an 
amplitude that is proportional to the error amplifier input signal. 
There is a fixed 12dB of gain from the error amplifier com- 
pensation pin to the modulator driver outputs. The frequency 
of the output waveform is controlled by either the internal 
oscillator or an external clock signal. With the internal oscillator 


the squarewave will have a fixed 50% duty cycle. If the internal 
oscillator is disabled by connecting Pin 1, Ct, to Vin then the 
frequency and duty cycle of the output will be determined by the 
input clock waveform at Pin 2. If the oscillator remains disabled 
and there is no clock input at Pin 2, there will be a linear 12dB of 
signal gain to one or the other of the driver outputs depending on 
the DC state of Pin 2. 

The driver outputs are emitter followers which will source a 
minimum of 15mA of current. The sink current, internally limited 
at lOOfjfK, can be increased by adding resistors to ground at the 
driver outputs. 
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TYPICAL APPLICATIONS 


R.F. Transformer Coupled Feedback 



Feedback Coupled at Switching Frequency 



Optically Coupled DC Feedback 
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LINEAR INTEGRATED CIRCUITS 

Quad Supply and Line Monitor 


UC1903 

UC2903 

UC3903 


FEATURES 

• Inputs for monitoring up to four 
separate supply voltage levels 

• Internal inverter for sensing a negative 
supply voltage 

• Line/switcher sense input for early 
power source failure warning 

• Programmable under- and over-voltage 
fault thresholds with proportional 
hysteresis 

• A precision 2.5V reference 

• General purpose op-amp for 
auxiliary use 

• Three high current, 40mA, open- 
collector outputs indicate over-voltage, 
under-voltage and power OK conditions 

• Input supply under-voltage sensing and 
start-latch eliminate erroneous fault 
alerts during start-up 

• 8-40V supply operation with 6mA stand- 
by current 


DESCRIPTION 

The UC1903 family of quad supply and line monitor integrated circuits will respond to 
under- and over-voltage conditions on up to four continuously monitored voltage levels. 
An internal op-amp inverter allows at least one of these levels to be negative. A separate 
line/ switcher sense input is available to provide early warning of line or other power 
source failures. 

The fault window adjustment circuit on these devices provides easy programming of 
under- and over-voltage thresholds. The thresholds, centered around a precision 2.5V 
reference, have an input hysteresis that scales with the window width for precise, glitch- 
free operation. A reference output pin allows the sense input fault windows to be scaled 
independently using simple resistive dividers. 

The three open collector outputs on these devices will sink in excess of 40mA of load 
current when active. The under- and over-voltage outputs respond after separate, user 
defined, delays to respective fault conditions. The third output is active during any fault 
condition including under- and over-voltage, line/switcher faults, and input supply 
under- voltage. The off state of this output indicates a "power OK” situation. 

An additional, uncommitted, general purpose op-amp is also included. This op-amp, 
capable of sourcing 20mA of output current, can be used for a number of auxiliary 
functions including the sensing and amplification of a feedback error signal when the 
2.5V output is used as a system reference. 

In addition, these ICs are equipped with a start-latch to prevent erroneous under-voltage 
indications during start-up. These parts operate over an 8-40V input supply range and 
require a typical stand-by current of only 6mA. 


BLOCK DIAGRAM 



O.V. FAULT 


O.V. DELAY 
U.V. DELAY 


U.V. FAULT 


POWER OK 
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ABSOLUTE MAXIMUM RATINGS (Note 1) 

Supply Voltage (+Vin) +40V 

Open Collector Output Voltages +40V 

Open Collector Output Currents 50mA 

Sense 1-4 Input Voltages -0.3V to +20V 

Line/Switcher Sense Input Voltage -0.3V to +40V 

Op-Amp and Inverter Input Voltages -0.3V to +40V 

Op-Amp and Inverter Output Currents -40mA 

Window Adjust Voltage O.OV to +10V 

Delay Pin Voltages O.OV to +5V 

Reference Output Current -40mA 

Power Dissipation at Ta = 25°C lOOOmW 

Derate at 10mW/®C above Ta = 25®C 

Power Dissipation at Tc = 25°C 2000mW 

Derate at 16mW/®C above Tc = 25®C 

Thermal Resistance, Junction to Ambient 100®C/W 

Thermal Resistance, Junction to Case 60®C/W 

Operating Junction Temperature -55®C to +150®C 

Storage Temperature -65®to+150®C 

Lead Temperature (Soldering, 10 Seconds) 300°C 


Note; 1. Voltages are referenced to ground (Pin 3). Currents are positive into, negative out of, the 
specified terminals. 


CONNECTION DIAGRAM 


DIL-18 (Top View) 

J or N Package 


+v,N (T 

Vref (2 5V) [T 

GROUND [T 

WINDOW rr 
ADJUST LiL 

SENSE 4 

' INVERT INPUT Li 
SENSE 4 [T 


TrI G P. 

^ OP-AMP INV 

T7I G.P, 

LlI OP-AMP N.l 

G P. 

li OP-AMP OUT 

LINE/SWITCHER 
li SENSE 

ni POWER OK 

Is] UV DELAY 

SENSES [T 


12} UV FAULT 

SENSE 2 [T 


llj OV FAULT 

SENSE 1 |T 


OV DELAY 




ELECTRICAL CHARACTERISTICS (Unless otherwise stated, these specifications apply for Ta = -55°Cto + 125°CfortheUC1903;-25°Cto 
+85®CfortheUC2903:and0®Cto+70®CfortheUC3903:+V,N = 15V; Sense Inputs (Pins 6-9 and Pin 15) 
= 2.5V: Vp,N 4 = l.OV.) 


PARAMETER 

— 

TEST CONDITIONS 



UC1903/UC2903 

UC3903 

UNITS 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

Supply 1 

Input Supply Current 

No Faults 

— 

6 

9 

— 

6 

11 

mA 

UV, OV and Line Fault 

- 

10 

15 

- 

10 

18 

mA 

Supply Under 

Voltage Threshold (Vsuv) 

Fault Outputs Enabled 

6.0 

7.0 

7.5 

5.5 

7.0 

8.0 

V 

Minimum Supply to 

Enable Power OK Output 


- 

3.0 

4.0 

- 

3.0 

4.0 

V 

Reference | 

Output Voltage (Vref) 

T, = 25®C 

2.485 

2.5 

2.515 

2.465 

2.5 

2.535 

V 

Over Temperature 

2.465 

- 

2.535 

2.45 

- 

2.55 

V 

Load Regulation 

II = 0 to 10mA 

- 

1 

8 

- 

1 

15 

mV 

Line Regulation 

+V,N = Vsuv + O.IV to 40V 

- 

1 

4 

- 

1 

8 

mV 

Short Circuit Current 

T, = 25°C 

- 

40 

- 

- 

40 

- 

mA 

Fault Thresholds 

OV Threshold Adj. 

Offset from Vref as a function of Vrina 
I nput = Low to High, 

.5V<Vp,n4<2.5V 

.235 

.25 

.265 

.225 

.25 

.275 

M/M 

UV Threshold Adj. 

Offset from Vref as a function of Vrina 
I nput = High to Low, 

.5V < Vrin 4 < 2.5V 

-.265 

-.25 

-.235 

-.275 

-.25 

-.225 

M/M 

OV & UV Threshold Hyst. 

.5V < Vp,N 4 < 2.5V 

15 

20 

28 

10 

20 

35 

mV/V 

OV & UV Threshold 

Supply Sensitivity 

+V,N = Vsuv +0.1V to 40V 

- 

.002 

.01 

- 

.002 

.02 

%/M 

Adjust Pin (Pin 4) 

Input Bias Current 

.5V<Vp,n4<2.5V 

- 

±1 

±6 

- 

±1 

±12 

fjA/M 

Line Sense Threshold 

Input = High to Low 

1.94 

2.0 

2.06 

1.9 

2.0 

2.1 

V 

Line Sense Threshold Hyst. 


125 

175 

225 

100 

175 

250 

mV 
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ELECTRICAL CHARACTERISTICS (Unless otherwise stated, these specifications apply for Ta = -55®C to + 125®C for the UC1903; -25‘’C to 
+85®Cforthe UC2903: and0®Cto+70®Cforthe UC3903: +Vin = 15V; Sense Inputs (Pins 6-9 and Pin 15) 
= 2.5V: Vp,N 4 = l.OV.) 


PARAMETER 

TEST CONDITIONS 

UC1903/UC2903 

UC3903 

UNITS 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

Sense Inputs | 

Sense 1-4 

Input Bias Current 

Input = 2.8V (Note 2) 

- 

1 

3 

- 

1 

6 


Input = 2.2V (Note 2) 

— 

-1 

-3 

- 

-1 

-6 

/iA 

Line Sense Input 

Bias Current 

Input = 2.3V (Note 2) 

- 

1 

3 

- 

1 

6 


OV and UV Fault Delay | 

Charging Current 


— 

60 

— 

— 

60 

- 

//A 

Threshold Voltage 

Delay Pin = Low to High 

— 

1.8 

- 

- 

1.8 

- 

V 

Threshold Hysteresis 

Tj = 25°C 

- 

300 

- 

, — 

300 

_ 

mV 

Delay 

Ratio of Threshold Voltage 
to Charging Current 

20 

30 

50 

20 

30 

50 

ms///F 

Fault Outputs (OV, UV, & Power OK) | 

Maximum Current 

VouT = 2V 

40 

70 

“ 

40 

70 

— 

mA 

Saturation Voltage 

louT “ 12mA 

- 

.25 

.45 

— 

.25 

.45 

V 

Leakage Current 

VouT = 40V 

— 

3 

50 

— 

3 

100 

//A 

Sense 4 Inverter | 

Input Offset Voltage 


— 

2 

8 

- 

2 

10 

mV 

Input Bias Current 


— 

.1 

2 

- 

.1 

4 

M 

Open Loop Gain 


65 

80 

__ 

65 

80 

- 

dB 

PSRR 

+V,N = 8 to 40V 

65 

100 

- 

65 

100 

- 

dB 

Unity Gain Frequency 


— 

1 

__ 

— 

1 

- 

MHz 

Slew Rate 


— 

.4 

- 

_ 

.4 

- 

V///S 

Short Circuit Current 

Ti = 25°C 

— 

40 

- 

- 

40 

- 

mA 

G.P. Op-Amp 1 

Input Offset Voltage 


— 

1 

5 

— 

1 

8 

mV 

Input Bias Current 


— 

.1 

2 

— 

.1 

4 

a/A 

Input Offset Current 


— 

.01 

.5 

- 

.01 

1.0 

M 

Open Loop Gain 


65 

120 

_ 

65 

120 

- 

dB 

CMRR 

VcM = 0 to +V,N -2.0V 

65 

100 

_ 

65 

100 

- 

dB 

PSRR 

+V,N = 8 to 40V 

65 

100 

- 

65 

100 

- 

dB 

Unity Gain Frequency 


_ 

1 

— 

— 

1 

- 

MHz 

Slew Rate 


— 

.4 

- 

— 

.4 

- 

V/yUS 

Short Circuit Current 

Ti = 25®C 

- 

40 

- 

_ 

40 

- 

mA 


Note: 2. These currents represent maximum input bias currents required as the sense inputs cross appropriate thresholds. 


U.S.A 
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Typical 2.5V Reference 
Temperature Characteristic 



-55 -35 -15 5 25 45 65 85 105 125 

JUNCTION TEMPERATURE - °C 



-55 -35 -15 5 25 45 65 85 105 125 

JUNCTION TEMPERATURE - “C 


OPERATION AND APPLICATION INFORMATION 


pJC 


UC1903 



I 


Figure 1. The UC1903 fault window circuitry generates OV and UV thresholds centered around the 2.5V reference. Window magnitude 
and threshold hysteresis are proportional to the window adjust input voltage at Pin 4. 
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OPERATION AND APPLICATION INFORMATION (continued) 


Setting a Fault Window 

The fault thresholds on the UC1903 are generated by creating 
positive and negative offsets, equal in magnitude, that are 
referenced to the Chip’s 2.5V reference. The resulting fault 
window is centered around 2.5V and has a magnitude equal to 
that of the applied offsets. Simplified schematics of the fault 
window and reference circuits are shown in Figure 1 (see previous 
page). The magnitude of the offsets is determined by the voltage 
applied at the window adjust pin, Pin 4. A bias cancellation circuit 
keeps the input current required at Pin 4 low, allowing the use of a 
simple resistive divider off the reference to set the adjust pin 
voltage. 

The adjust voltage at Pin 4 is internally applied across R 4 , an 8 K 
resistor. The resulting current is mirrored four times to generate 
current sources Ioa, Iob, Ioc, and loo, all equal in magnitude. When 
all four of the sense inputs are inside the fault window, a no-fault 
condition, Q 3 and Q 4 are turned on. In combination with Di and D 2 
this prevents loeand loofrom affecting the fault thresholds. In this 
case, the OVand UV thresholds are equal to VREf+ Ioa(R 5 + R 6 )and 
Vref - locCR? + Re) respectively. The fault window can be 
expressed as: 


( 1 ) 


2.5V 



In terms of a sensed nominal voltage level. Vs, the window as a 
percent variation is: 

( 2 ) Vs ± (10 • VADa)% 

When a sense input moves outside the fault window given in 
equation ( 1 ), the appropriate hysteresis control signal turns off Q 4 
or Qs. For the under-voltage case, Qs is disabled and current 
source Iob flows through D2. The net current through R? becomes 
zero as Iob cancels Ioc, giving an 8% reduction in the UVthreshold 
offset. The over-voltage case is the same, with Q 4 turning off, 
allowing loo to cancel the current flow, Ioa, through Re. The result 
is a hysteresis at the sense inputs which is always 8 % of the 
window magnitude. This is shown graphically in Figure 2. 



.5 1.0 1.5 2.0 2.5 

WINDOW ADJUST VOLTAGE (Vadj) AT PIN 4 


Figure 2. The fault window and threshold hysteresis scales as 
a function of the voltage applied at Pin 4, the window 
adjust pin. 


Fault Windows Can be Scaled independently 

In many applications, it may be desirable to rhonitor various 
supply voltages, or voltage levels, with varying fault windows. 
Using the reference output and external resistive dividers this is 
easily accomplished with the UC1903. Figures 3 and 4 illustrate 
how the fault window at any sense input can be scaled 
independently of the remaining inputs. 


MONITORED 
SUPPLY VOLTAGE 



Figure 3. Using the reference output and a resistive divider, a 
sense input with an independently wider fault window 
can be generated. 



Figure 4. The general purpose op-amp on the UC1903 can be 
used to create a sense input with an independently 
tighter fault window. 


Figure 4 demonstrates one of many auxiliary functions that the 
uncommitted op-amp on the UC1903 can be used for. 
Alternatively, this op-amp can be used to buffer high impedence 
points, perform logic functions, or for sensing and amplification. 
For example, the G.P. op-amp, combined with the 2.5V reference, 
can be used to produce and buffer an optically coupled feedback 
signal in isolated supplies with primary side control. The output 
stage of this op-amp is detailed in Figure 5. The NPN emitter 
follower provides high source current capability, >20mA, while 
the substrate device, Q 3 , provides good transient sinking 
capability. 
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OPERATION AND APPLICATION INFORMATION (continued) 



Figure 5. The G.P. op-amp on the UC1903 has a high source 
current (>20mA) capability and enhanced transient 
sinking capability through substrate device Qs. 


Sensing a Negative Voltage Level 

The UC1903 has a dedicated inverter coupled to the sense 4 
input. With this inverter, a negative voltage level can be sensed as 
shown in Figure 6. The output of this inverter is an unbiased 
emitter follower. By tying the inverting input, Pin 5, high the output 
emitter follower will be reverse biased, leaving the sense 4 input in 
a high impedence state. In this manner, the sense 4 input can be 
used, as the remaining sense inputs would be, for sensing positive 
voltage levels. 



Figure 6. Inverting the sense 4 input for monitoring a negative 
supply is accommodated with the dedicated inverter. 


Using The Line/Switcher Sense Output 

The line switcher sense input to the UC1903 can be used for early 
detection of line, switcher, or other power source, failures. 
Internally referenced to 2.0V, the line sense comparator will 
cause the POWER OK output to indicate a fault (active low) 
condition when the LINE/SWITCHER SENSE input goes from 
above to below 2.0V. The line sense comparator has 
approximately 175mV of hysteresis requiring the line/switcher 
input to reach 2.175V before the POWER OK output device can be 
turned-off, allowing a no-fault indication. In Figure 7 an example 
showing the use of the LINE/SWITCHER SENSE input for early 
switcher-fault detection is detailed. A sample signal is taken from 



Figure 7. The line/switcher sense input can be used for an 
early line or switcher fault indication. 


the output of the power transformer, rectified and filtered, and 
used at the line/ switcher input. By adjusting the R 2 C time 
constant with respect to the switching frequency of the supply a nd 
the hold up time of the output capacitor, switcher faults can be 
detected before supply outputs are significantly affected. 

OV and UV Comparators Maintain Accurate Thresholds 

The structure of the OV and UV comparators, shown in Figure 8 
results in accurate fault thresholds even in the case where 
multiple sense inputs cross a fault threshold simultaneously. 
Unused sense inputs can be tied eithertothe 2.5V reference, or to 
another, utilized, sense input. The four under- and over-voltage 
sense inputson the UC1903 are clamped as detailed on the Sense 
1 input in Figures. The series 2K resistor, Ri, and zener diode, Zi, 
prevent extreme under- and over-voltage conditions from 
inverting the outputs of the fault comparators. A parasitic diode, 
Di, is present at the inputs as well. Under normal operation it is 
advisable to insure that voltage levels at all of the sense inputs 
stay above -0.3V. The same type of input protection exists at the 
line sense input. Pin 15, except a 5K series resistor is used. 

The fault delay circuitry on the UC1903 is also shown in Figure 8. 
In the case of an over-voltage condition at one of the sense inputs 
Q 20 is turned off, allowing the internal 60/uA current source to 
charge the user-selected delay capacitor. When the capacitor 
voltage reaches 1.8V, the OV and POWER OK outputs become 
active low. When the fault condition goes away Q 20 is turned back 
on, rapidly discharging the delay capacitor. Operation of the 
under-voltage delay is, with appropriate substitutions, the same. 
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OPERATION AND APPLICATION INFORMATION (continued) 



Figure 8. The OV and UV comparators on the UC1903 trigger respective fault delay circuits when one or more of the sense inputs 
move outside the fault window. Input clamps insure proper operation under extreme fault conditions. 


Start Latch and Supply Under-Voltage Sense Allow Predictable 
Power-Up 

The supply under-voltage sense and start-latch circuitry on the 
UC1903 prevents fault indications during start-up or low input 
supply (+Vin) conditions. When the input supply voltage is below 
the supply under-voltage threshold the OV and UV fault outputs 
are disabled and the POWER OK output is active low. The POWER 
OK output will remain active until the input supply drops below 
approximately 3.0V. With +Vin below this level, all of the open 
collector outputs will be off. 

When the input supply is low, the under-voltage sense circuitry 


resets the start-latch. With the start-latch set, the UV fault output 
will remain disabled as the input supply rises to its normal 
operating level (8-40V). The latch stays set until all of the sense 
inputs are above the under-voltage threshold. This allows slow 
starting, or supply sequencing, without an artificial under-voltage 
fault indication. Once the latch is set, the UV fault output will 
respond if any of the sense inputs drop below the under-voltage 
threshold. 
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LINEAR INTEGRATED CIRCUITS 

Three Terminal Fixed Voltage Positive Regulators 


UC7800 

UC7800C 

SERIES 


FEATURES 

• ±4% preset output voltage 

• Complete specifications at lA load 

• No external components 

• Internal thermal overload protection 

• Internal short circuit current limiting 

• Output transistor safe area compensation 

• Available in TO-3 and TO-220 packages 

• Output voltages of 5, 12 and 15V (For 
other voltages, please contact the factory) 


DESCRIPTION 

These three terminal monolithic positive voltage regulators employ internal current 
limiting, thermal shutdown and safe area compensation, making them essentially 
indestructible. If adequate heat sinking is provided, they can deliver over lA of output 
current. They are intended as fixed voltage regulators in a wide range of applications 
including local (on card) regulation for elimination of distribution problems associated 
with single point regulation. In addition to use as fixed voltage regulators, these devices 
can be used with external components to obtain adjustable output voltages and 
currents. These units feature an on-chip trimming system to set the output voltages to 
within ±4% of nominal. Two companion series, the UC7800A and UC7800AC, offer 
tighter output tolerances, and improved line and load regulation characteristics. 


ABSOLUTE MAXIMUM RATINGS 

Input Voltage 

Power Dissipation 

Operating Junction Temperature Range 

UC7800 SERIES 

UC7800C SERIES 

Storage Temperature Range 

Lead Temperature (Soldering, 10 seconds) 

K (TO-3) package 

T (TO-220) package 

Power/Thermal Characteristics 

K (TO-3) Package 

Rated Power @ 25°C 


Tc 20W.. 

Ta 4.3W . 

Thermal Resistance 

e,c 3°C/W. 

^jA 35°C/W 


35V 

. . Internally limited 

.. -55‘’Cto+150°C 

0‘’Cto+125°C 

.. -65°Cto+150°C 

300°C 

230°C 

T (TO-220) Package 

15W 

2W 


3°C/W 

60°C/W 


TYPICAL APPLICATIONS 
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ELECTRICAL CHARACTERISTICS 


UC7800 UC7800C SERIES 
5V, POSITIVE 


PARAMETER 

TEST CONDITIONS 

UC7805 

UC7805C 

UNITS 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

Output Voltage 

T, = 25°C, V,N = lOV, lo = lA 

4.8 


5.2 

4.8 


5.2 

V 

T, = 25°C, 7.5V < V,N < 20V 

5mA < louT < lA, Pd < 15W 

Over Temperature, Tmin < Tj < Tmax 

4.8 


5.2 

4.77 


5.23 

V 

4.75 


5.25 

4.75 


5.25 

V 

Line Regulation 

T, = 25°C, 7.5V < V,N < 20V, lo = 500mA 

Over Temperature, Tmin < T, < Tmax 



25 



35 

mV 


10 

50 


10 

50 

mV 

Load Regulation 

T, = 25X, V,N = lOV, 5mA < lo < 1.5A 


20 

26 


20 

40 

mV 

V,N= lOV, 5mA<lo<lA 

Over Temperature, Tmin < T, < Tmax 



50 



50 

mV 

Quiescent Current 

Tj = 25®C, ViN = lOV, lo = lA 

Over Temperature, Tmin < Tj < Tmax 


4.5 

6 


4.5 

6 

mA 



6.5 



6.5 

mA 

Quiescent Current 
Change 

T, = 25°C, V,N = lOV, 5mA < lo < lA 

Over Temperature, Tmin < T, < Tmax 



.4 



.4 

mA 



.5 



.5 

mA 

Tj = 25°C, 7.5V < V,N < 20V, lo = 500mA 

Over Temperature, Tmin < Tj < Tmax 



.8 



.8 

mA 



1.0 



1.0 

mA 

Ripple Rejection 

T, = 25°C, 8V < V,N < 18V, lo = 500mA 

63 



63 



dB 

Output Noise Voltage 

T, = 25°C, V,N = lOV, lo = lA 


40 



40 


juV 

Dropout Voltage 

T, = 25°C, lo = lA 


2 



2 


V 

Short Circuit Current 

T, = 25°C, V,N = lOV 


2.1 



2.1 


A 

Peak Output Current 

Tj = 25°C 


2.4 



2.4 


A 

Avg. Temp. Variation 
of VoUT 

0°C < T, < Tmax, V.n = lOV, lo = 5mA 


-.4 



-.4 


mV/°C 

Long Term Stability 

1000 Mrs. @ T, = 125°C, V,n = lOV, lo = 5mA 


20 



20 


mV 

Thermal Shutdown 

ViN = lOV, lo = 5mA 


175 



175 


°C 

Tmax 


150 



125 


°C 

T min 


-55 

1 


0 


°C 


Note: All characteristics except noise voltage and ripple rejection are measured using pulse techniques (tw < 10ms, duty-cycle < 5%). Output voltage 
changes due to changes in internal temperature must be taken into account separately. 
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ELECTRICAL CHARACTERISTICS 


UC7800 UC7800C SERIES 
12V, POSITIVE 


PARAMETER 

TEST CONDITIONS 

UC7812 

UC7812C 

UNITS 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

Output Voltage 

T, = 25°C, V,N = 19V, lo = lA 

11.52 


12.48 

11.52 


12.48 

V 

T, = 25°C, 14.5V < V,N < 27V 

5mA < louT< lA, Pd< 15W 

Over Temperature, Tmin < T, < Tmax 

11.52 


12.48 

11.46 


12.54 

V 

11.40 


12.60 

11.40 


12.60 

V 

Line Regulation 

T, = 25°C, 14.5V < V,N < 27V, lo = 500mA 

Over Temperature, Tmin < T, < Tmax 



60 



84 

mV 


20 

120 


20 

120 

mV 

Load Regulation 

T, = 25‘’C, V,N = 19V, 5mA < lo < 1.5A 


50 

64 


50 

100 

mV 

V,N = 19V, 5mA < lo < lA 

Over Temperature, Tmin ^ T, < Tmax 



120 



120 

mV 

Quiescent Current 

T, = 25°C, V,N = 19V, lo = lA 

Over Temperature, Tmin < T, < Tmax 


4.5 

7 


4.5 

7 

mA 



6.5 



6.5 

mA 

Quiescent Current 
Change 

T, = 25°C, V,N = 19V, 5mA < lo < lA 

Over Temperature, Tmin < Tj < Tmax 



.4 



.4 

mA 



.5 



.5 

mA 

Tj = 25°C, 14.5V < V,N < 27V, lo = 500mA 

Over Temperature, Tmin < T, < Tmax 



.8 



.8 

mA 



1.0 



1.0 

mA 

Ripple Rejection 

T, = 25°C, 15V < V,N < 25V, lo = 500mA 

56 



56 



dB 

Output Noise Voltage 

T, = 25°C, V,N = 19V, lo = 5mA 


75 



75 


aV 

Dropout Voltage 

T, = 25°C, lo = lA 


2 ^ 



2 


V 

Short Circuit Current 

Tj = 25°C, V,N = 19V 


1.5 



1.5 


A 

Peak Output Current 

T, = 25°C 


2.4 



2.4 


A 

Avg. Temp. Variation 

of VoUT 

0°C < T, < Tmax, V,n = 19V, lo = 5mA 


-.8 



-.8 


mV/°C 

Long Term Stability 

1000 Hrs. @ T, = 125°C, V,n = 19V, lo = 5mA 


50 



50 


mV 

Thermal Shutdown 

< 

£ 

LO 

II 

_o 

> 

II 

z 

> 


175 



175 



T MAX 


150 



125 


"C 

T MIN 


-55 



0 


"C 


Note: All characteristics except noise voltage and ripple rejection are measured using pulse techniques (tw < 10ms, duty-cycle < 5%). Output voltage 
changes due to changes in internal temperature must be taken into account separately. 
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ELECTRICAL CHARACTERISTICS 


UC7800 UC7800C SERIES 
15V, POSITIVE 


PARAMETER 

TEST CONDITIONS 

UC7815 

UC7815C 

UNITS 

min’ 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

Output Voltage 

T, = 25°C, ViN = 23V, lo = lA 

14.4 


15.6 

14.4 


15.6 

V 

T, = 25°C, 17.5V < V,N < 30V 

5mA < lour < lA, Pd< 15W 

Over Temperature, Tmin ^ T, < Tmax 

h' 

14.4 


15.6 

14.3 


15.7 

V 

14.25 


15.75 

14.25 


15.75 

V 

Line Regulation 

T, = 25°C, 17.5V < V,N < 30V, lo = 500mA 

Over Temperature, Tmin < Tj < Tmax 



75 



100 

mV 


22 

150 


22 

150 

mV 

Load Regulation 

T, = 25"C, ViN = 23V, 5mA < lo < 1.5A 


50 

80 


50 

120 

mV 

V,n = 23V, 5mA<lo<lA 

Over Temperature, Tmin ^ T, < Tmax 



150 



150 

mV 

Quiescent Current 

T, = 25^0, ViN = 23V, lo = lA 

Over Temperature, Tmin < T, < Tmax 


4.5 

7 


4.5 

7 

mA 



6.5 



6.5 

mA 

Quiescent Current 
Change 

Tj = 25°C, V,N = 23V, 5mA < lo < lA 

Over Temperature, Tmin < T, < Tmax 



.4 



.4 

mA 



■ ■ .5 



.5 

mA 

T, = 25^0, 17.5V < V,N < 30V, lo = 500mA 

Over Temperature, Tmin < T, < Tmax 



.8 



.8 

mA 



1.0 



1.0 

mA 

Ripple Rejection 

T, = 25°C, 18.5V < V,N < 28.5V, lo = 500mA 

54 



54 



dB 

Output Noise Voltage 

T, = 25°C, ViN = 23V, lo = 5mA 


90 



90 


aV 

Dropout Voltage 

T, = 25°C, lo = lA 


2 



2 


V 

Short Circuit Current 

T, = 25°C, V,N = 23V 


1.2 

„ 


1.2 


A 

Peak Output Current 

T, = 25°C 


2.4 



2.4 


A 

Avg. Temp. Variation 
of VoUT 

0°C < Tj < Tmax, Vin = 23V, lo = 5mA 


-1.0 



-1.0 


mV/°C 

Long Term Stability 

1000 Mrs. (5) T, = 125°C, V,n = 23V, lo = 5mA 


60 



60 


mV 

Thermal Shutdown 

Vin = 23V, lo = 5mA 


175 



175 


°C 

Tmax 


150 



125 


°C 

Tmin 


-55 



0 


°C 


Note: All characteristics except noise voltage and ripple rejection are measured using pulse techniques (tw < 10ms, duty-cycle < 5%). Output voltage 
changes due to changes in internal temperature must be taken into account separately. 
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INPUT TO OUTPUT DIFFERENTIAL (V) 


UC7800 UC7800C SERIES 


TYPICAL PERFORMANCE CHARACTERISTICS 


Dropout Voltage 



-75 -50 -25 0 25 50 75 100 125 150 

JUNCTION TEMPERATURE (°C) 


Peak Output Current 



0 5 10 15 20 25 30 35 

INPUT TO OUTPUT DIFFERENTIAL (V) 


Ripple Rejection 



10 100 Ik 10k 100k 


FREQUENCY (Hz) 
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UC7800 SERIES 
UC7800C SERIES 



Input 

Output LAJ 


INCHES 

MILLIMETEF 

.875 MAX. 

22.23 MAX. 

.135 MAX. 

3.43 MAX. 

.250-450 

6.35-11.43 

.312 MIN 

7.92 MIN. 

.038-,043 DIA. 

0.97-1.09 D 

.188 MAX. RAD. 

4.78 MAX. R 

1.177-1.197 

29.90-30.40 

.655-.675 

16.64-17.15 

.205-.225 

5.21-5.72 

.420- .440 

10.67-11.18 

.525 MAX. RAD. 

13.34 MAX. R 

.151-.161 DIA. 

3.84-4.09 D 


1- Input 

2- Output 
^ 3-Ground 
” 4-Ground 

T 


UC7800C SE 




1 INCHES 

MILIMET 

mn 

MIN 

MAX 

MIN 


CQSI 

0.560 

0.625 

14 23 

1 


0.380 

0.420 

9.66 

1 


0.140 

0.190 

3.56 


319il 

0.020 

0 045 

0 51 


1.14 1 

0.139 

0 147 

3.531 



0 090 

0.110 

2.29 



- 

0.250 

- 



0 015 

0 025 

0.38 


mmm 

0 500 

0.562 

12.70 

J. 

mmm 

0 045 

0 070 

1.14 


mmm 

0.190 

0 210 

4.83 


5 . 33 | 

0100 

0.120 

2 54 


mMm 

0.080 

0.115 

2.04 



0.045 

0.055 

1.14 



0.230 

0.270 

5.85 


mmm 


PACKAGE SUFFIX 


K(T0-3) 

T(TO-220) 

IC7805K 



IC7805CK 

UC7805CT 

IC7812K 

IC7812CK 

UC7812CT 

IC7815K 



IC7815CK 

UC7815CT 






LINEAR INTEGRATED CIRCUITS 

Three Terminal Fixed Voltage Positive Regulators 
Precision Version 


UC7800A 

UC7800AC 

SERIES 


FEATURES 

• ±1.0% preset output voltage 

• Complete specifications at lA load 

• No external components 

• Internal thermal overload protection 

• Internal short circuit current limiting 

• Output transistor safe area compensation 

• Available inTO-3 and TO-220 Packages 

• Output voltages of 5, 12, and 15V (For 
other voltages, please contact the factory) 

• Pinout identical to UC7800 series 


DESCRIPTION 

These three terminal monolithic positive voltage regulators employ internal current 
limiting, thermal shutdown and safe area compensation, making them essentially 
indestructible. If adequate heat sinking is provided, they can deliver over lA of output 
current. They are intended as fixed voltage regulators in a wide range of applications 
including local (on card) regulation for elimination of distribution problems associated 
with single point regulation. In addition to use as fixed voltage regulators, these devices 
can be used with external components to obtain adjustable output voltages and 
currents. These units feature an on-chip trimming system to set the output voltages to 
within ±1.0% of nominal. They also offer improved line and load regulation 
characteristics over the UC7800 series. 


ABSOLUTE MAXIMUM RATINGS 

Input Voltage 

Power Dissipation 

Operating Junction Temperature Range 

UC7800A SERIES 

UC7800AC SERIES 

Storage Temperature Range 

Lead Temperature (Soldering, 10 seconds) 

K (TO-3) Package 

T(TO-220) Package 

Power/Thermal Characteristics 

K (TO-3) Package 

Rated Power (5) 25°C 


Tc 20 W . 

Ta 4.3W . 

Thermal Resistance 

djc 3°C/W . 

35°C/W 


35V 

. . Internally limiteql 

. . -55°C to ±150‘’C 

OX to+125°C 

.. -65Xto+150X 

300°C 

230X 

T (TO-220) Package 

15W 

2W 

3X/W 

60X/W 


TYPICAL APPLICATIONS 
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ELECTRICAL CHARACTERISTICS 


UC7800A UC7800AC SERIES 
’ 5V, POSITIVE 


PARAMETER 

TEST CONDITIONS 

UC7805A 

UC7805AC 

UNITS 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

Output Voltage 

T, = 25°C, V,N = lOV, lo = lA 

4.95 


5.05 

4.95 


5.05 

V 

Tj = 25^, 7.5V < V,N < 20V 

5mA<louT<lA, Pd<15W 

Over Temperature, Tmin < Tj < Tmax 

4.9 


5.1 

4.87 


5.13 

V 

4.85 


5.15 

4.85 


5.15 

V 

Line Regulation 

Tj = 25^0, 7.5V < V,N < 20V, lo = 500mA 

Over Temperature, Tmin ^ Tj < Tmax 



5 



6 

mV 


3 

10 


3 

10 

mV 

Load Regulation 

Tj = 25‘’C, V,N = lOV, 5mA < lo < 1.5A 


10 

12 


10 

17 

mV 

V,N = lOV, 5mA < lo < lA 

Over Temperature, Tmin ^ Tj < Tmax 



25 



25 

mV 

Quiescent Current 

Tj = 25°C, V,N = lOV, lo = lA 

Over Temperature, Tmin ^ Tj < Tmax 


4.5 

6 


4.5 

6 

mA 



6.5 



6.5 

mA 

Quiescent Current 
Change 

Tj = 25‘’C, V,N = lOV, 5mA < lo < lA 

Over Temperature, Tmin ^ Tj < Tmax 



.4 



.4 

mA 



.5 



.5 

mA 

T, = 25®C, 7.5V < V,N < 20V, lo = 500mA 

Over Temperature, Tmin < Tj < Tmax 



.6 



.6 

mA 



•8 



.8 

mA 

Ripple Rejection 

Tj = 25“C, 8V < V,N < 18V, lo = 500mA 

69 



69 



dB 

Output Noise Voltage 

Tj = 25*^0, V,N = lOV, lo = lA 


40 



40 


aV 

Dropout Voltage 

Tj = 25"C, lo = lA 


2 



2 


V 

Short Circuit Current 

Tj = 25"C, V,N = lOV 


2.1 



2.1 


A 

Peak Output Current 

Tj = 25“C 


2.4 



2.4 


A 

Avg. Temp. Variation 

of VoUT 

0®C < Tj < Tmax. V,n = lOV, lo = 5mA 

i 

-.4 



-.4 

.. 


mV/°C 

Long Term Stability 

1000 Hrs. @ Tj = 125°C, V,n = lOV, lo = 5mA 


20 



20 


mV 

Thermal Shutdown 

V,N = lOV, lo = 5mA 


175 



175 


°C 

Tmax 


150 



125 


°C 

Tmin 


-55 



0 


°C 


Note; All characteristics except noise voltage and ripple rejection are measured using pulse techniques (tw 10ms, duty-cycle < 5%). Output voltage 
changes due to changes in internal temperature must be taken into account separately. 
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ELECTRICAL CHARACTERISTICS 


UC7800A UC7800AC SERIES 
12V, POSITIVE 


PARAMETER 

TEST CONDITIONS 

UC7812A 

UC7812AC 

UNITS 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

Output Voltage 

T, = 25°C, V,N = 19V, lo = lA 

11.88 


12.12 

11.88 


12.12 

V 

T, = 25°C, 14.5V < V,N < 27V 

5mA<louT<lA, Pd<15W 

Over Temperature, Tmin ^ T, < Tmax 

11.76 


12.24 

11.70 


12.30 

V 

11.64 


12.36 

11.64 


12.36 

V 

Line Regulation 

Tj = 25X, 14.5V < V,N < 27V, lo = 500mA 

Over Temperature, Tmin ^ T, < Tmax 



12 



15 

mV 


4 

18 


4 

18 

mV 

Load Regulation 

T, = 25°C, V,N = 19V, 5mA < lo < 1.5A 


12 

32 


12 

50 

mV 

V,n= 19V, 5mA<lo<lA 

Over Temperature, Tmin ^ T, < Tmax 



60 



60 

mV 

Quiescent Current 

T, = 25°C, V,N = 19V, lo = lA 

Over Temperature, Tmin ^ T) < Tmax 


4.5 

6 


4.5 

6 

mA 



6.5 



6.5 

mA 

Quiescent Current 
Change 

T, = 25^0, V,N = 19V, 5mA < lo < lA 

Over Temperature, Tmin < T, < Tmax 



.4 



.4 

mA 



.5 



.5 

mA 

Tj = 25^0, 14.5V < V,N < 27V, lo = 500mA 

Over Temperature, Tmin < T, < Tmax 



.6 



.6 

mA 



.8 



.8 

mA 

Ripple Rejection 

T| = 25°C, 15V < V,N < 25V. lo = 500mA 

62 



62 



dB 

Output Noise Voltage 

T, = 25°C, V,N = 19V, lo = 5mA 


75 



75 


aV 

Dropout Voltage 

Tj = 25°C, lo = lA 


2 



2 


V 

Short Circuit Current 

Tj = 25"C, V,N = 19V 


1.5 



1.5 


A 

Peak Output Current 

Tj = 25°C 


2.4 



2.4 


A 

Avg. Temp. Variation 

of VoUT 

0°C < T, < Tmax. V,n = 19V, lo = 5mA 


-.8 



-.8 


mV/°C 

Long Term Stability 

1000 Hrs. @ Tj = 125°C, V,n = 19V, lo = 5mA 


50 



50 


mV 

Thermal Shutdown 

V,N = 19V, lo = 5mA 


175 



175 


°C 

Tmax 


150 



125 


°C 

Tmin 


-55 



0 


°C 


Note: All characteristics except noise voltage and ripple rejection are measured using pulse techniques (tw < 10ms, duty-cycle < 5%). Output voltage 
changes due to changes in internal temperature must be taken into account separately. 
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ELECTRICAL CHARACTERISTICS 


UC7800A UC7800AC SERIES 
15V, POSITIVE 


PARAMETER 

TEST CONDITIONS 

UC7815A 

UC7815AC 

UNITS 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

Output Voltage 

Tj = 25°C, V,N = 23V, lo = lA 

14.85 


15.15 

14.85 


15.15 

V 

Tj = 25°C, 17.5V <V,N< 30V 
. 5mA < louT < lA, Pd<15W 

Over Temperature, Tmin < Tj < Tmax 

14.7 


15.3 

14.60 


15.40 

V 

14.55 


15.45 

14.55 


14.45 

V 

Line Regulation 

T, = 25'’C, 17.5V < V.N < 30V, lo = 500mA 

Over Temperature, Tmin ^ T, < Tmax 



15 



19 

mV 


4 

22 


4 

22 

mV 

Load Regulation 

T| = 25°C, V,N = 23V, 5mA < lo < 1.5A 


12 

35 


12 

50 

mV 

V,N = 23V, 5mA < lo < lA 

Over Temperature, Tmin < Tj < Tmax 



75 



75 

mV 

Quiescent Current 

T, = 25*0, V,N = 23V, lo = lA 

Over Temperature, Tmin ^ Tj < Tmax 


4.5 

6 


4.5 

6 

mA 



6.5 



6.5 

mA 

Quiescent Current 
Change 

Tj = 25°C, V,N = 23V, 5mA < lo < lA 

Over Temperature, Tmin < T, < Tmax 



.4 



.4 

mA 



.5 



.5 

mA 

Tj = 25®C, 17.5V < V,N < 30V, lo = 500mA 

Over Temperature, Tmin ^ T, < Tmax 



.6 



.6 

mA 



.8 



.8 

mA 

Ripple Rejection 

Tj = 25°C, 18.5V < V.N < 28.5V, lo = 500mA 

60 



60 i 



dB 

Output Noise Voltage 

T, = 25°C, V,N = 23V, lo = 5mA 


90 


. 

90 


aV 

Dropout Voltage 

T, = 25°C, lo = lA 


2 



2 


V 

Short Circuit Current 

Tj = 25"C, V,N = 23V 


1.2 



1.2 


A 

Peak Output Current 

Tj = 25"C 


2.4 



2.4 


A 

Avg. Temp. Variation 
of VouT 

0°C < Tj < Tmax, V,n = 23V, lo = 5mA 


-1.0 



-1.0 


mV/°C 

Long Term Stability 

1000 Hrs. (3) T, = 125°C, V,n = 23V, lo = 5mA 


60 



60 


mV 

Thermal Shutdown 

V,N = 23V, lo = 5mA 


175 



175 


°C 

Tmax 


150 



125 


°C 

Tmin 


-55 



0 


°C 


Note: All characteristics except noise voltage and ripple rejection are measured using pulse techniques (tw < 10ms, duty-cycle < 5%). Output voltage 
changes due to changes in internal temperature must be taken into account separately. 
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INPUT TO OUTPUT DIFFERENTIAL (V) 


UC7800A UC7800AC SERIES 


TYPICAL PERFORMANCE CHARACTERISTICS 


Dropout Voltage 



-75 -50 -25 0 25 50 75 100 125 150 

JUNCTION TEMPERATURE (X) 


Peak Output Current 



0 5 10 15 20 25 30 35 

INPUT TO OUTPUT DIFFERENTIAL (V) 


Ripple Rejection 



10 100 Ik 10k 100k 

FREQUENCY (Hz) 
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LINEAR INTEGRATED CIRCUITS 

Three Terminal Fixed Voltage Negative Regulators 


UC7900 

UC7900C 

SERIES 


FEATURES 

• ±4% preset output voltage 

• Output current to 1.5A 

• One external component 

• Internal thermal overload protection 

• Internal short circuit current limiting 

• Output transistor safe area compensation 

• Available in TO-3 and TO-220 packages 

• Output voltages of -5, -12 and -15V (For 
other voltages, please contact the factory) 


DESCRIPTION 

These three terminal monolithic negative voltage regulators employ internal current 
limiting, thermal shutdown and safe area compensation, making them essentially 
indestructible. If adequate heat sinking is provided, they can deliver over lA of output 
current. They are intended as fixed voltage regulators in a wide range of applications 
including local (on card) regulation for elimination of distribution problems associated 
with single point regulation. In addition to use as fixed voltage regulators, these devices 
can be used with external components to obtain adjustable output voltages and 
currents. These units feature an on-chip trimming system to set the output voltages to 
within ±4% of nominal. This regulator series is an optimum complement to the 
UC7800/7800C line of three terminal positve regulators. Two companion series, the 
UC7900A and UC7900AC, offer tighter output tolerances, and improved line and load 
regulation characteristics. 


ABSOLUTE MAXIMUM RATINGS 

Input Voltage 

Input-Output Voltage Differential 

Power Dissipation 

Operating Junction Temperature Range 

UC7900 SERIES 

0079000 SERIES 

Storage Temperature Range 

Lead Temperature (Soldering, 10 seconds) 

K (TO-3) package 

T (TO-220) package 

Power/Thermal Oharacteristics 

K (TO-3) Package 

Rated Power @ 25°0 


Tc 20W.. 

Ta 4.3W . 

Thermal Resistance 

^jc 3°0/W. 

35°0/W 


-35V 

30V 

. .. Internally limited 

... -55°0 to +150°0 

0°0 to+125'’O 

.. -65°0to+150"0 

300°0 

230°0 

T (TO-220) Package 

15W 

2W 

3"0/W 

60X/W 


TYPICAL APPLICATIONS 
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ELECTRICAL CHARACTERISTICS 


UC7900 UC7900C SERIES 
5V, NEGATIVE 


PARAMETER 

TEST CONDITIONS 

UC7905 

UC7905C 

UNITS 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

Output Voltage 

T, = 25°C, V,N = -lOV, lo = 5mA 

-5.20 


-4.80 

-5.20 


-4.80 

V 

Tj = 25°C, -25V < ViN < -8V 

5mA < louT ^ l.OA, P < Pd 

-5.20 


-4.80 

-5.23 


-4.77 

V 

Over Temperature, Tmin ^ T, < Tmax 

-5.25 


-4.75 

-5.25 


-4.75 

V 

Line Regulation 

T, = 25"C, -25V < V,N < -7V, lo = 5mA 


25 

50 


25 

50 

mV 

Load Regulation 

T, = 25®C, V,N = -lOV, 5mA < lo < 1.5A 



50 



100 

mV 

Quiescent Current 

T, = 25°C, V,N = -lOV, lo = 500mA 


1 

2.5 


1 

2.5 

mA 

Over Temperature, Tmin < T, < Tmax 



3 



3 

mA 

Quiescent Current 
Change 

T, = 25°C, V,N = -lOV, 5mA < lo < 1.5A 



1.0 



1.0 

mA 

Tj = 25°C, -25V < V,N < -8V, lo = 500mA 



.5 



.5 

mA 

Ripple Rejection 

Tj = 25°C, -18V < V,N < -8V, lo = 500mA 

54 



54 



dB 

Output Noise Voltage 

f = lOHz to lOOKHz, Cl = l/jf 

T, = 25°C, V,N = -lOV, lo = 500mA 


100 



100 


/iV 

Dropout Voltage 

T, = 25°C, lo = lA 


2.0 



2.0 


V 

Short Circuit Current 

T, = 25°C, V,N = -lOV 


1.8 



1.8 


A 

Peak Output Current 

Tj = 25°C 


2.0 



2.0 


A 

Avg. Temp. Variation 
of VoUT 

0°C <T,< Tmax, V,n = -lOV, lo = 5mA 


-.4 



-.4 


mV/°C 

Long Term Stability 

1000 Mrs. @T,= 125°C, V,n = -lOV, lo = 5mA 


20 



20 


mV 

Thermal Shutdown 

V,N = -10V, lo = 5mA 


175 



175 


°C 

Tmax 


150 



125 


°C 

T min 


-55 



0 


"C 


Note: All characteristics except noise voltage and ripple rejection are measured using pulse techniques (tw < 10ms, duty-cycle < 5%). Output voltage 
changes due to changes in internal temperature must be taken into account separately. 

Pd = 20W for TO-3 (K) and 15W for TO-220 (T); Min IVo - V,n1 @ -55°C = 2.5V. 
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ELECTRICAL CHARACTERISTICS 


UC7900 UC7900C SERIES 
12V, NEGATIVE 


PARAMETER 

TEST CONDITIONS 

UC7912 

UC7912C 

UNITS 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

Output Voltage 

Tj = 25“C, V,n = -17V, lo = 5mA 

-12.48 


-11.52 

-12.58 


-11.52 

V 

T, = 25°C, -32V<V,n<-14V 

5mA ^ louT ^ l.OA, P < Pd 

-12.48 


-11.52 

-12.54 


-11.46 

V 

Over Temperature, Tmin < Tj < Tmax 

-12.60 


-11.40 

-12.60 


-11.40 

V 

Line Regulation 

T, = 25“C, -32V < V,N < -14V, lo = 5mA 


30 

80 


30 

80 

mV 

Load Regulation 

Tj = 25“C, V,N = -17V, 5mA < lo < 1.5A 



120 



240 

mV 

Quiescent Current 

T, = 25"C, V,N = -17V, lo = 500mA 


3 



3 


mA 

Over Temperature, Tmin < Tj < Tmax 



4 



4 

mA 

— 

Quiescent Current 
Change 

T, = 25"C, V,N = -17V, 5mA < lo < 1.5A 



.8 



.8 

mA 

T, = 25‘’C, -32V < V,N < -14V, lo = 500mA 



.5 



.5 

mA 

Ripple Rejection 

T, = 25"C, -25V < V,N < -15V, lo = 500mA 

56 



56 



dB 

Output Noise Voltage 

f = lOHz to lOOKHz, Cl = 1/uf 

Tj = 25°C, V,N = -17V, lo = 500mA 


200 



200 


aV 

Dropout Voltage 

Tj = 25*0, lo = lA 


1.1 



1.1 


V 

Short Circuit Current 

T, = 25‘’C, V,n = -17V 


1.3 



1.3 


A 

Peak Output Current 

Tj = 25°C 


2.0 



2.0 


A 

Avg. Temp. Variation 

of VoUT 

0°C < Tj < Tmax, vin = -17V, lo = 5mA 


-.9 



i -.9 


mV/°C 

Long Term Stability 

1000 Hrs. (5) Tj = 125°C, V,n = -17V, lo = 5mA 


48 



48 


mV 

Thermal Shutdown 

V,n = -17V, lo=5mA 


175 



175 


°C 

Tmax 


150 



125 


°C 

Tmin 


-55 



0 




Note: All characteristics except noise voltage and ripple rejection are measured using pulse techniques (tw < 10ms, duty-cycle < 5%). Output voltage 
changes due to changes in internal temperature must be taken into account separately. 

Pd = 20W for TO-3 (K) and 15W for TO-220 (T). 
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ELECTRICAL CHARACTERISTICS 


UC7900 UC7900C SERIES 
15V, NEGATIVE 


PARAMETER 

TEST CONDITIONS 

UC7915 

UC7915C 

UNITS 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

Output Voltage 

Tj = 25°C, V,N = -20V, lo = 5mA 

-15.60 


-14.40 

-15.00 


-14.40 

V 

Tj = 25°C, -35 V<V,n<-17V 

5mA < louT < 1-OA, P < Pd 

-15.60 


-14.40 

-15.68 


-14.32 

V 

Over Temperature, Tmin < Tj < Tmax 

-15.75 


-14,25 

-15.75 


-14.25 

V 

Line Regulation 

Tj = 25X, -35V < V,N < -17V, lo = 5mA 


35 

100 


35 

100 

mV 

Load Regulation 

Tj = 25°C, V,N = -20V, 5mA < lo < 1.5A 



150 



300 

mV 

Quiescent Current 

Tj = 25'’C, V,N = -20V, lo = 500mA 


3 



3 


mA 

Over Temperature, Tmin < T, < Tmax 



4 



4 

mA 

Quiescent Current 
Change 

T, = 25^0, V,N = -20V, 5mA < lo < 1.5A 



.8 



.8 

mA 

T, = 25°C, -35V < V,N < -17V, lo = 500mA 



.5 



.5 

mA 

Ripple Rejection 

Tj = 25"C, -28V < V,N < -18V, lo = 500mA 

56 



56 



dB 

Output Noise Voltage 

f = lOHz to lOOKHz, Cl = l//f 

T, = 25°C, V,N = -17V, lo = 500mA 


250 



250 


A^V 

Dropout Voltage 

Tj = 25°C, lo = lA 


1.1 



1.1 


V 

Short Circuit Current 

Tj = 25‘’C, V,N = -20V 


1.1 



1.1 


A 

Peak Output Current 

T, = 25°C 


2.0 



2.0 


A 

Avg. Temp. Variation 

of VoUT 

0°C < T, < Tmax, V,n = -20V, lo = 5mA 


-1.0 



-1.0 


mV/°C 

Long Term Stability 

1000 Mrs. (5) Tj = 125®C, V,n = -2dV, lo = 5mA 


60 



60 


mV 

Thermal Shutdown 

ViN = -20V, lo = 5m4 , 


175 



175 


°C 

T MAX 1 


150 



125 


°C 

Tmin 


-55 



0 




Note: All characteristics except noise voltage and ripple rejection are measured using pulse techniques (tw < 10ms, duty-cycle < 5%). Output voltage 
changes due to changes in internal temperature must be taken into account separately. 

Pd = 20W for TO-3 (K) and 15W for TO-220 (T). 
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INPUT-OUTPUT DIFFERENTIAL (V) 


UC7900 UC7900C SERIES 


TYPICAL PERFORMANCE CHARACTERISTICS 


Dropout Voltage 
as a Function of 
Junction Temperature 



-75 -50 -25 0 25 50 75 100 125 150 


Peak Output Current 



0 5 10 15 20 25 30 35 40 


JUNCTION TEMPERATURE (°C) 


V,n-Vout (V) 


Ripple Rejection 



O.Olk 0.1k Ik 10k 100k 

FREQUENCY (Hz) 
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LINEAR INTEGRATED CIRCUITS 

Three Terminal Fixed Voltage Negative Regulators 
Precision Version 


UC7900A 

UC7900AC 

SERIES 


FEATURES 

• ±1.0% preset output voltage 

• Output current to 1.5A 

• One external component 

• Internal thermal overload protection 

• Internal short circuit current limiting 

• Output transistor safe area compensation 

• Available in TO-3 and TO-220 packages 

• Output voltages of -5, -12 and -15V (For 
other voltages, please contact the factory) 


DESCRIPTION 

These three terminal monolithic negative voltage regulators employ internal current 
limiting, thermal shutdown and safe area compensation, making them essentially 
indestructible. If adequate heat sinking is provided, they can deliver over lA of output 
current. They are intended as fixed voltage regulators in a wide range of applications 
including local (on card) regulation for elimination of distribution problems associated 
with single point regulation. In addition to use as fixed voltage regulators, these devices 
can be used with external components to obtain adjustable output voltages and 
currents. These units feature an on-chip trimming system to set the output voltages to 
within ±1.0% of nominal. They also offer improved line and load regulation 
characteristics over the UC7900 series. 


ABSOLUTE MAXIMUM RATINGS 

Input Voltage 

Input-Output Voltage Differential 

Power Dissipation 

Operating Junction Temperature Range 

UC7900A SERIES 

UC7900AC SERIES 

Storage Temperature Range 

Lead Temperature (Soldering, 10 seconds) 

K (TO-3) package 

T (TO-220) package 

Power/Thermal Characteristics 

K (TO-3) Package 

Rated Power @ 25 °C 


Tc 20W.. 

Ta 4.3W., 

Thermal Resistance 

djc ’3®C/W . 

0JA 35°C/W 


-35V 

30V 

Internally limited 

-55°C to +150*^0 
...0°C to+125°C 
-65°C to +150^0 

300°C 

230°C 


T(TO-220) Package 

15W 

2W 

3X/W 

60°C/W 


TYPICAL APPLICATIONS 
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ELECTRICAL CHARACTERISTICS 


UC7900A UC7900AC SERIES 
5V, NEGATIVE 


PARAMETER 

TEST CONDITIONS 

UC7905A 

UC7905AC 

UNITS 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

Output Voltage 

T, = 25“C, V,N = -lOV, lo = 5mA 

-5.05 


-4.95 

-5.05 


-4.95 

V 

Tj = 25“C, -25V < V,N < -8V 

5mA < Iout<1.0A, P<Pd 

-5.10 


-4.90 

-5.13 


-4.87 

V 

Over Temperature, Tmin < Tj < Tmax 

-5.15 


-4.85 

-5.15 


-4.85 

V 

Line Regulation 

Tj = 25“C, -25V < V,N < -7V, lo = 5mA 


10 

15 


10 

25 

mV 

Load Regulation 

T| = 25^6, V,N = -lOV, 5mA < lo < 1.5A 


20 

50 


20 

100 

mV 

Quiescent Current 

T| = 25‘’C, ViN = -lOV, lo = 500mA 


1 

2 


1 

2 

mA 

Over Temperature, Tmin ^ Tj < Tmax 



2.5 



2.5 

mA 

Quiescent Current 
Change 

Tj = 25®C, ViN = -lOV, 5mA < lo < 1.5A 



.4 



.4 

mA 

Tj = 25"C, -25V < V,N < -8V, lo = 500mA 



.4 



.4 

mA 

Ripple Rejection 

T| = 25®C, -18V < V,N < -8V, lo = 500mA 

54 



54 



dB 

Output Noise Voltage 

f = lOHz to lOOKHz, Cl = lA^f 

Tj = 25‘’C, V,N = -lOV, lo = 500mA 


100 



100 


iwV 

Dropout Voltage 

T, = 25‘’C, lo = lA 


2.0 



2.0 


V 

Short Circuit Current 

Tj = 25^, V,N = -lOV 


1.8 


i 

1.8 


A 

Peak Output Current 

Tj = 25°C 


2.0 



2.0 


A 

Avg. Temp. Variation 

of VoUT 

O^C < Tj < Tmax, V,n = -lOV. lo = 5mA 


-.4 



-.4 


mV/°C 

Long Term Stability 

1000 Mrs. @ Tj = 125®C, V,n = -lOV, lo = 5mA 


20 



20 


mV 

Thermal Shutdown 

< 

E 

uD 

11 

_o 

> 

O 

T— 1 

1 

II 

z 

> 


175 



175 


“C 

TmAX 


150 



125 


“C 

Tmin 


-55 



0 




Note: All characteristics except noise voltage and ripple rejection are measured using pulse techniques (tw < 10ms , duty-cycle < 5%). Output voltage 
changes due to changes in internal temperature must be taken into account separately. 

Pd = 20W for TO-3 (K) and 15W for TO-220 (T); Min |Vo - V,n| @ -SSX = 2.5V. 
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ELECTRICAL CHARACTERISTICS 


UC7900A UC7900AC SERIES 
12V, NEGATIVE 


PARAMETER 

TEST CONDITIONS 

UC7912A 

UC7912AC 

UNITS 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

Output Voltage 

T, = 25°C, V,N = -17V, lo = 5mA 

-12.12 


-11.88 

-12.12 


-11.88 

V 

Tj = 25°C, -32 V<V,n<-14V 

5mA < Iqut l.OA, P < Pd 

-12.24 


-11.76 

-12.30 


-11.70 

V 

Over Temperature, Tmin < T, < Tmax 

-12.36 


-11.64 

-12.36 


-11.64 

V 

Line Regulation 

T, = 25°C, -32V < V,N < -14V, lo = 5mA 


10 

20 


10 

30 

mV 

Load Regulation 

T, = 25°C, V,N = -17V, 5mA < lo < 1.5A 


40 

80 


40 

80 

mV 

' 

Quiescent Current 

T, = 25°C, V,N = -17V, lo = 500mA 


3 



3 


mA 

Over Temperature, Tmin < T, < Tmax 



4 



4 

mA 

Quiescent Current 
Change 

T, = 25°C, V,N = -17V, 5mA < lo < 1.5A 



.4 



.4 

mA 

T, = 25°C, -32V < V,N < -14V, lo = 500mA 



.4 



.4 

mA 

1 

Ripple Rejection 

T, = 25‘’C, -25V < V,N < -15V, lo = 500mA 

56 



56 



dB 

Output Noise Voltage 

f = lOHz to lOOKHz, Cl = l/^f 

T, = 25°C, V,N = -17V, lo = 500mA 


200 



200 


aV 

Dropout Voltage 

T, = 25°C, lo = lA 


1.1 



1.1 


V 

Short Circuit Current 

T, = 25"C, V,n = -17V 


1.3 



1.3 


A 

Peak Output Current 

T, = 25°C 


2.0 



2.0 


A 

Avg. Temp. Variation 

of VoUT 

0°C < T, < Tmax. V,n = -17V, lo = 5mA 


-.9 I 



-.9 


mV/‘’C 

Long Term Stability 

1000 Hrs. @J,= 125^0, V,n = -17V, lo = 5mA 


48 



48 


mV 

Thermal Shutdown 

V,n = -17V, lo = 5mA 


175 



175 


“C 

Tmax 


150 



125 


°C 

Tmin 


-55 



0 




Note: All characteristics except noise voltage and ripple rejection are measured using pulse techniques (tw < 10ms, duty-cycle < 5%). Output voltage 
changes due to changes in internal temperature must be taken into account separately. 

Pd = 20W for TO-3 (K) and 15W for TO-220 (T). 
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ELECTRICAL CHARACTERISTICS 


UC7900A UC7900AC SERIES 
15V, NEGATIVE 


PARAMETER 

TEST CONDITIONS 

UC7915A 

UC7915AC 

UNITS 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

Output Voltage 

T, = 25°C, V,N = -20V, lo = 5mA 

-15.15 


-14.85 

-15.15 


-14.85 

V 

T, = 25®C, -35V<V,n<-17V 

5mA < louT ^ l.OA, P < Pq 

-15.30 


-14.70 

-15.38 


-14.63 

V 

Over Temperature, Twin < T, < Tmax 

-15.45 


-14.55 

-15.45 


-14.55 

V 

Line Regulation 

Tj = 25°C, -35V < V,N < -17V, lo = 5mA 


10 

20 


10 

30 

mV 

Load Regulation 

T, = 25°C, V,N = -20V, 5mA < lo < L5A 


50 

80 


50 

80 

mV 

Quiescent Current 

T, = 25*C, V,N = -20V, lo = 500mA 


3 



3 


mA 

Over Temperature, Tmin ^ Tj < Tmax 



4 



4 

mA 

Quiescent Current 
Change 

Tj = 25®C, V,N = -20V, 5mA < lo < 1.5A 



.4 



.4 

mA 

T, = 25'’C, -35V < V,N < -17V, lo = 500mA 



.4 



.4 

mA 

Ripple Rejection 

T, = 25^0, -28V < V,N < -18V, lo = 500mA 

56 



56 



dB 

Output Noise Voltage 

f = lOHz to lOOKHz, Cl= 1/if 

T, = 25°C, V,N = -17V, lo = 500mA 


250 



250 


/uV 

Dropout Voltage 

T, = 25°C, lo = lA 


1.1 



1.1 


V 

Short Circuit Current 

T, = 25‘’C, V,N = -20V 


1.1 



1.1 


A 

Peak Output Current 

Tj = 25°C 


2.0 



2.0 


A 

Avg. Temp. Variation 

of VoUT 

0"C < T, < Tmax. V.n = -20V, lo = 5mA 


-1.0 



-1.0 


mV/X 

Long Term Stability 

1000 Hrs. @ T, = 125‘’C, V,n = -20V. lo = 5mA 


60 



60 


mV 

Thermal Shutdown 

V,N = -20V, lo = 5mA 


175 



175 


"C 

TmAX 


150 



125 



Twin 


-55 



0 

i 

“C 


Note: All characteristics except noise voltage and ripple rejection are measured using pulse techniques (tw < 10ms, duty-cycle < 5%). Output voltage 
changes due to changes in internal temperature must be taken into account separately. 

Pd = 20W for TO-3 (K) and 15W for TO-220 (T). 
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INPUT-OUTPUT DIFFERENTIAL (V) 


UC7900A UC7900AC SERIES 


TYPICAL PERFORMANCE CHARACTERISTICS 


Dropout Voltage 
as a Function of 
Junction Temperature 



-75 -50 -25 0 25 50 75 100 125 150 


Peak Output Current 



0 5 10 15 20 25 30 35 40 


JUNCTION TEMPERATURE (°C) 


Vin-Vout (V) 


Ripple Rejection 
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UC7900A UC7900AC SERIES 


MECHANICAL SPECIFICATIONS AND CONNECTION DIAGRAMS 


UC7900A SERIES 
UC7900AC SERIES 



INCHES 

MILLIMETERS 

A 

.875 MAX. 

22.23 MAX. 

B 

.135 MAX. 

3.43 MAX. 

C 

.250-450 

6.35-11.43 

D 

.312 MIN. 

7.92 MIN. 

E 

.038-.043 DIA. 

0.97-1.09 DIA. 

F 

.188 MAX. RAD. 

4.78 MAX. RAD. 

G 

1.177-1.197 

29.90-30.40 

H 

.655-.675 

16.64-17.15 

J 

.205-.225 

5.21-5.72 

K 

.420-.440 

10.67-11.18 

L 

.525 MAX. RAO. 

13.34 MAX. RAD. 

M 

.151-.161 DIA. 

3.84-4.09 DIA. 




UC7900AC SERIES 



, 1 -Ground 

2- Output 

3- Input 

4- Input 



INCHES 

MILIMETERS 

MIN 

MAX 

MIN 

MAX 

A 

0 560 

0 625 

14 23 

15 87 

B 

0 380 

0 420 

9 66 

10 66 

C 

0 140 

0 190 

3.56 

4.82 

D 

0.020 

0.045 

0 51 

1.14 

F 

0139 

0 147 

3.531 

3.733 

G 

0 090 

0 110 

2 29 

2 79 

H 

- 

0 250 

- 

6 35 

J 

0.015 

0 025 

0 38 

0.64 

K 

0.500 

0 562 

12.70 

14.27 

L 

0.045 

0.070 

1.14 

1.77 

N 

0.190 

0.210 

4.83 

5.33 

Q 

0.100 

0 120 

2 54 

3.04 

R 

0 080 

0115 

2.04 

2.92 

S 

0 045 

0 055 

1 14 

1 39 

T 

0 230 

0.270 

5.85 

6 85 


ORDERING INFORMATION 


OUTPUT 

PACKAGE SUFFIX | 

VOLTAGE 

K(TO-3) 

T(TO-220) 

-5V 

UC7905AK 

UC7905ACK 

UC7905ACT 

-12V 

UC7912AK 

UC7912ACK 

UC7912ACT 

-15V 

UC7915AK 

UC7915ACK 

UC7915ACT 


TO-204AA K(TO-3) 



T(TO-220) 



UNITRODE CORPORATION • 5 FORBES ROAD 
LEXINGTON, MA 02173 • TEL. (617) 861-6540 
TWX (710) 326-6509 • TELEX 95-1064 


3-150 


PRINTED IN U.S.A, 






POWER TRANSISTORS & DARLINGTONS 






PRODUCT SELECTION GUIDE 


N-CHANNEL 
POWER MOSFETS 






. I^ft 

Numbers 


Pulsed 

Drain 

Current 

(Amps) 

Power 
DIssi- 
. Ration''' 
(Watts) 

lOOX 

25“C 
, Case-; 


0.085 

2N6766* 

19.0 

30.0 

120 

150 

200 

0.085 

UFN250 

19.0 

30.0 

120 

150 

200 

0.12 

UFN252 

16.0 

25.0 

100 

150 

200; 

0.18 

UFN240 

11.0 

18.0 

72 

125 

200 

0.22 

UFN242 

10.0 

16.0 

64 

125 

200 

0.4 

2N6758* 

6.0 

9.0 

36 

75 

.200 

0.4 

UFN230 

6.0 

9,0 

36 

75 

200 : 

0.6 

UFN232 

5.0 

8.0 

32 

75 

200 

0.8 

UFN220 

3.0 

5.0 

20 

40 

200 

1.2 

UFN222 

2.5 

4.0 

16 

40 

ISO 

0.085 

UFN251 

19.0 

30.0 

120 

150 

. 1§0''< 

0.12 

2N6765 

16.0 

25.0 

100 

150 

'150, 

0.12 

UFN253 

16.0 

25.0 

100 

150 

''150'=' 

0.18 

UFN241 

11.0 

18.0 

72 

125 


0.22 

UFN243 

10.0 

16.0 

64 

125 

'■TSO , 

0.4 

UFN231 

6.0 

9.0 

36 

75 

.-ISO , 

0.6 

2N6757 

5.0 

8.0 

32 

75 

; 150,' 

0.6 

UFN233 

5.0 

8.0 

32 

75 


0.8 

UFN221 

3.0 

5.0 

20 

40 

ISO 

1.2 

UFN223 

2.5 

4.0 

16 

40 


0.055 

2N6764* 

24.0 

38.0 

152 

150 

, iW' 

0.055 

UFN150 

25.0 

40.0 

160 

150 

100 

0.08 

UFN152 

20.0 

33.0 

132 

150 

100 

0.085 

UFN140 

17.0 

27.0 

108 

125 

.' 100'' ! 

0.11 

UFN142 

15.0 

24.0 

96 

125 

ibo- 

0.18 

2N6756* 

9.0 

14.0 

56 

75 

- 100 ' 

0.18 

UFN130 

9.0 

14.0 

56 

75 


0.25 

UFN132 

8.0 

12.0 

48 

75 

100' 1 

0.3 

UFN120 

5.0 

8.0 

32 

40 

100 ^ 

0.4 

UFN122 

4.0 

7.0 

28 

40 


0.055 

UFN151 

25.0 

40.0 

160 

150 

■ '60V 

0.08 

2N6763 

20.0 

31.0 

124 

150 

■ - 60,' 

0.08 

UFN153 

20.0 

33.0 

132 

150 

60 

0.085 

UFN141 

17.0 

27.0 

108 

125 

zsmiJ 

0.11 

UFN143 

15.0 

24.0 

96 

125 

/' 60-c' 

0.18 

UFN131 

9.0 

14.0 

56 

75 


0.25 

2N6755 

8.0 

12.0 

48 

75 


0.25 

UFN133 

8.0 

12.0 

48 

75 

'"60 ;| 

0.3 

UFN121 

5.0 

8.0 

32 

40 

60 1 

0.4 

UFN123 

4.0 

7.0 

28 

40 


' Vos- - 
;0r3fn 
'-Source 
Voltage 
;'(Votts) 

On-Sta^e- 

(wm'# , 

A V 

, /b l^ntinuous 
r|>«ai^,.Curre.nt .. 


P d 

Power 



'Ca^< 


' pati^prrV 
(Watts) 

600 

0.4 

2N6770* 

7.75 

12.0 

48 

150 

600 

0.4 

UFN450 

8.0 

13.0 

52 

150 

500 

0.5 

UFN452 

7.0 

12.0 

48 

150 

600 

0.85 

UFN440 

5.0 

8.0 

32 

125 

,600 

1.1 

UFN442 

4.0 

7.0 

28 

125 

600 

1.5 

2N6762* 

3.0 

4.5 

18 

75 

500 

1.5 

UFN430 

3.0 

4.5 

18 

75 

600 

2.0 

UFN432 

3.5 

4.0 

16 

75 

500 

3.0 

UFN420 

1.5 

2.5 

10 

40 

500 

4.0 

UFN422 

1.0 

2.0 

8 

40 

460 

0.4 

UFN451 

8.0 

13.0 

52 

150 

450 

0.5 

2N6769 

7.0 

11.0 

44 

150 

460 

0.5 

UFN453 

7.0 

12.0 

48 

150 

450 

0.85 

UFN441 

5.0 

8.0 

32 

125 

450 

1.1 

UFN443 

4.0 

7.0 

28 

i25 

450 

1.5 

UFN431 

3.0 

4.5 

18 

75 

460 

2.0 

2N6761 

2.5 

4.0 

16 

75 

460 

2.0 

UFN433 

2.5 

4.0 

16 

75 

460 

3.0 

UFN421 

1.5 

2.5 

10 

40 

460 

4.0 

UFN423 

1.0 

2.0 

8 

40 

400 

0.3 

2N6768* 

9.0 

14.0 

56 

150 

400 

0.3 

UFN350 

9.0 

15.0 

60 

150 

400 

0.4 i 

UFN352 

8.0 

13.0 

52 

150 

400 

0.55 

UFN340 

6.0 

10.0 

40 

125 

400 

0.8 

UFN342 

5.0 

8.0 

32 

125 

400 

1.0 

2N6760* 

3.5 

5.5 

22 

75 

400 

1.0 

UFN330 

3.5 

5.5 

22 

75 

400 

1.5 

UFN332 

3.0 

4.5 

18 

75 

400 

1.8 

UFN320 

2.0 

3.0 

12 

40 

400 

2.5 

UFN322 

1.5 

2.5 

10 

40 

360 

0.3 

UFN351 

9.0 

15.0 

60 

150 

360' 

0.4 

2N6767 

7.75 

12.0 

48 

150 

-350' 1 

0.4 

UFN353 

8.0 

13.0 

52 

150 

360 

0.55 

UFN341 

6.0 

10.0 

40 

125 

360-- 

0.8 

, UFN343 

5.0 

8.0 

32 

125 

'350.'. 

1.0 

UFN331 

3.5 

5.5 

22 

75 

■360 ■■' 

1.5 

2N6759 

3.0 

4.5 

18 

75 

35Q 

1.5 

UFN333 

3.5 

4.5 

18 

75 

350 

1.8 

UFN321 

2.0 

3.0 

12 

40 

350 

2.5 

UFN323 

1.5 

2.5 

10 

40 


* Available as JAN, JANTX, and JANTXV types. 
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N-CHANNEL 
POWER MOSFETS 


PRODUCT SELECTION GUIDE 



Vos 

Drain 

Source 

Voltage 

(Volts) 

On-State 

Resist- 

ance 

(Ohmi) 


it) Continuous 
" "Oral nXur rent 
(Amps) " 

ioM ' 

Pulsed 

Drain 

Current 

(Amps) 

fllfl 

Numbers 

SMS 

Case 

Case, 

500 

0.85 

UFN840 

5.0 . 

8,0 

32 

125 

500 

1.1 

UFN842 

4.0 

7,0 

28 

125 

500 

1.5 

UFN830 

3.0 

4,5 

18 

75 

500 

2.0 

UFN832 

2.5 

4,0 

16 

75 

500 

3.0 

UFN820 

1.5 

2.5 

10 

40 

500 

4.0 

UFN822 

1.0 

2.0 

, 8 

40 

450 

0.85 

UFN841 

5.0 

8.0 

32 

125 

450 

1.1 

UFN843 

4.0 

7.0 

28 

125 

450 

1.5 

UFN831 

3.0 

4.5 

18 

75 

450 

2.0 

UFN833 

2.5 

4.0 

16 

75 

450 

3.0 

UFN821 

1.5 

2.5 

10 

40 

450 

4.0 

.UFN823 

1.0 

2.0 

8 

40 

400 

0.55 

UFN740 

6.0 

10.0 

40 

125 

400 

0.80 

UFN742 

5.0 

8.0 

32 

125 

400 

1.0 

UFN730 

3.5 

5.5 

22 

75 

400 

1.5 

UFN732 

3.0 

4.5 

18 

75 

400 

1.8 

UFN720 

2.0 

3.0 

12 

40 

400 

2.5 

UFN722 1 

1.5 , 

2.5 

10 

40 

400 

3.6 

UFN710 

1.0 

1.5 

6 

20 

400 

5.0 

UFN712 

0.8 

1.3 

5 

20 

350 

0:55 

UFN741 

6.0 

10.0 

40 

125 

350 

0.8 

UFN743 ! 

5.0 

8.0 

32 

•125 

350 

1.0 

UFN731 

3.5 

5.5 

22 

75 

350 

1.5 

UFN733 

3.0 

4.5 

18 

75 

350, 

1.8 

UFN721 

2.0 

. 3.0 

12 

40 

350 

2.5 

UFN723 

1.5 

2.5 

10 

40 

350 

. 3.6 

UFN711 

1.0 

, 1.5 

6 

20 

350 

’ 5.0 

UFN713 

0,8 

1.3 

5 

20 

200 

0.18 

UFN640 

11.0 

18.0 

72 

125 

200' 

0.22 

UFN642 

10,0 

16.0 

64 

125 


Drain ■ 
,SQU<r#f 
Voltage 
(Volts) 

On*State 
'.Resist: . 
a r^ev 
/ (Otims) ' 

''"Part 

Numbers 

■„ lo'.CotitjnyousV', 
0/atfi Cut-rent ' 

' '',(Amps)'' 

P,ulsed' 

drain,; 

Current 

(AmpsY 

l«!|AX' 

. P,pwer 
Dissi; 

■ paiion . 
(^attS) 

i'oo^c 

Case ' 

26*^0.. 
Ca,S€' ' 

.’200 

0.4 

UFN630 

6.0 

9.0 

36 

, 75 

'200 

0.6 

UFN632 

5.0 

8.0 

32 

75 

-.200 

0.8 

UFN620 

3.0 

5.0 

20 

40 

2m 

1.2 

UFN622 

2.5 

4.0 

16 

40 

200 

1.5 

UFN610 

1.5 

2.5 

10 

20 

200 

2.4 

UFN612 

1.25 

2.0 

8 

20 

".150 

0.18 

UFN641 

11.0 

18.0 

72 

125 

' 1^' 

0 22 

UFN643 

10.0 

16.0 

64 

125 

• 150 

0.4 

UFN631 

6.0 

9.0 

36 

75 

' 150. 

0.6 

UFN633 

5.0 

8.0 

32 

75 

•150 

08 

UFN621 

3.0 

5.0 

20 

40 

150,' 

1 2 

UFN623 

2.5 

4.0 

16 

40 

-150' 

1.5 

UFN611 

1.5 

2.5 

10 

20 

150 

2.4 

UFN613 

1.25 

2.0 

8 

20 

. 100,. 

0.085 

UFN540 

17.0 

27.0 

108 

125 

“100 

0.11 

UFN542 

15.0 

24.0 

96 

125 

1{K)< 

0.18 

UFN530 

9.0 

14.0 

56 

. 75 

100 

0.25 

UFN532 

8.0 

12.0 

48 

75 

100 

0.3 

UFN520 

5.0 

8.0 

32 

40 

lOOV 

0.4 

UFN522 

4.0 

7.0 

28 

40 

100 = 

0.6 

UFN510 

2.5 

4.0 

16 

20 

100 = 

0.8 

UFN512 

2.0 1 

3.5 

14 

20 

■ 60 ■ 

0.085 

UFN541 

17.0 

27.0 

108 

125 

--i'.'OO: 

0.11 

UFN543 

15.0 

24.0 

96 

125 

; ''60: 

0.18 

UFN531 

9.0 

14.0 

56 

75 

60 

0.25 

UFN533' 

8.0 

12.0 

48 

75 

;''60 

0.3 

UFN521 

5.0 

8.0 

32 

40 

60 

0.4 

UFN523 

4.0 

7.0 

28 

40 


0.6 

UFN511 

2.5 

4.0 

16 

20 

60 

0.8 

UFN513 

2.0 

3.5 

14 

20 
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N-CHANNEL 
POWER MOSFETS 


PRODUCT SELECTION GUIDE 


& 


TO-39 


Drain 

Source 

Voltage 

(Volts) 

Resist- 
... .ance 

Rart 

Numbers 

Ip Continuous 
Oratn Current 
(Amps) 

. 

Rul^ 

Drain 

Current 

(Amps) 

- 

FpMAX. 

Power 

Dissi- 

pation 

^atts) 

lOOX 

Case 

Case 

too 

0.6 

2N6782 

2.25 

3.5 

14 

15 

IQO 

0.6 

UFNFllO 

2.25 

3.5 

14 

15 

100 

0.8 

UFNF112 

2.0 

3.0 

12 

15 

-- .St-.v 

0.18 

2N6795 

5.0 

8.0 

32 

25 


0.18 

UFNF131 

5.0 

8.0 

32 

25 


0.25 

UFNF133 

4.5 

7.0 

28 

25 

■ ■ 

0.3 

2N6787 

3.5 

6.0 

24 

20 

60 

0.3 

UFNF121 

3.5 

6.0 

24 

20 

60 

0.4 

UFNF123 

3.0 

5.0 

20 

20 

60 

0.6 

2N6781 

2.25 

3.5 

14 

15 

60 

0.6 

UFNFlll 

2.25 

3.5 

14 

15 

60 

0.8 

UFNF113 

2.0 

1 3.0 

12 

15 


Vd$ 

Dram 

Source 

Voltage 

(Volts) 

0» 

Resist- 

ance 

(Ohms) 

Part 

Numbers 

Id Continuous 
Drain Current 
(Amps) 

r—” 

Pulsed 

Drain 

Current 

(Amps) 

— - — 

Pd MAX. 
Power 
Dissi- 
pation 
(Watts) 

lOOT 

Case 

26"C 

Case 

500 

1.5 

UFNF430 

1.75 

2.75 

11 

25 

500 

1.5 

2N6802 

1.5 

2.5 

11 

25 

500 

2.0 

UFNF432 

1.5 

2.25 

9 

25 

500 

3.0 

UFNF420 

1.0 

1.6 

65 

20 

500 

3.0 

2N6794 

0.95 

1.5 

6.5 

20 

500 

4.0 

UFNF422 

0.9 

1.4 

5.5 

20 

450 

1.5 

UFNF431 

1.75 

2.75 

11 

25 

450 

1.5 

2N6801 

1.5 

2.5 

11 

25 

450 

2.0 

UFNF433 

1.5 

2.25 

9 

25 

450 

3.0 

UFNF421 

1.0 

1.6 

6.5 

20 

450 

3.0 

2N6793 

0.95 

1.5 

6.5 

20 

450 

4.0 

UFNF423 

0.9 

1.4 

5.5 

20 

400 

1.0 

UFNF330 

2.0 

3.5 

14 

25 

400 

1.0 

2N6800 

1.6 

3.0 

14 

25 

400 

1.5 

UFNF332 

1.6 

3.0 

12 

25 

400 

1.8 

UFNF320 

1.45 

2.5 

10 

20 

400 

1.8 

2N6792 

1.25 

2.0 

10 

20 

400 

2.5 

UFNF322 

1.2 

2.0 

8 

20 

400 

3.6 

UFNF310 

0.85 

1.35 

5.5 

15 

400 

3.6 

2N6786 

0.80 

1.25 

5.5 

15 

400 

5.0 

UFNF312 

0.70 

1.15 

4.5 

15 

350 

1.0 

UFNF331 

2.0 

3.5 

14 

25 

350 

1.0 

2N6799 

1.6 

3.0 

14 

25 

350 

1.5 

UFNF333 

1.6 

3.0 

12 

25 

350 

1.8 

UFNF321 

1.45 

2.5 

10 

20 

350 

1.8 1 

2N6791 

1.25 

2.0 

10 

20 

350 

2.5 1 

UFNF323 

1.2 

2.0 

8 

20 

360 

3.6 

UFNF311 

0.85 

1.35 

5.5 

15 

350 

3.6 

2N6785 

0.80 

1.25 1 

5.5 

15 

350 

5.0 

UFNF313 

0.70 

1.15 

4.5 

15 

200 

0.4 

2FNF6798 

3.5 

5.5 

22 

25 

200 

0.4 

UFNF230 

3.5 

5.5 

22 

25 

200 

0.6 

UFNF232 

2.8 

4.5 

18 

25 

200 

0.8 

2N6790 

2.1 

3.5 

14 

20 

200 

0.8 

UFNF220 

2.1 

3.5 

14 

20 

200 

1.2 

UFNF222 

1.75 

3.0 

12 

20 

200 

1.5 

2N6784 

1.45 

2.25 

9 

15 

200 

1.5 

UFNF210 

1.4 

2.2 

9 

15 

200 

2.4 i 

UFNF212 

1.1 

1.8 

7.5 

15 

150 

0.4 ! 

2N6797 

3.5 

5.5 

22 

25 

150 

0.4 

UFNF231 

3.5 

5.5 

22 

25 

150 

0.6 

UFNF233 

2.8 

4.5 

18 

25 

150 

0.8 

2N6789 

2.1 

3.5 

14 

20 

15Q/ 

0.8 

UFNF221 

2.1 

3.5 

14 

20 

150 

1.2 

UFNF223 

1.75 

3.0 

12 

20 

150 

1.5 

2N6783 

1.45 

2.25 

9 

15 

150 

1.5 

UFNF211 

1.4 

2.2 

9 

15 

150 

2.4 

UFNF213 

1.1 

1.8 

7.5 

15 

100 

0.18 

2N6796 

5.0 

8.0 

32 

25 

100 

0.18 

UFNF130 

5.0 

8.0 

32 

25 

100 

0.25 

UFNF132 

4.5 

7.0 

28 

25 

100 

0.3 

2N6788 

3.5 

6.0 

24 

20 

100 

0.3 

UFNF120 

3.5 

6.0 

24 

20 

100 

0.4 

UFNF122 

3.0 

5.0 

20 

20 





Id Continuous 



Vp$ 



Drain Current 


PD MAX. 

l^ain 

On-SMe, 


(Amps) 

f^lsed 

Power 

Source 

'Resist- 



Drain 

Dissi- 

Voltage 

ance 


as^c, - 

Current 

pation 

(Volts) 

(Obms) 

, Numbers 

Case. 

^mps) 

(Watts) 

100 

1.5 

UFNA12 

1.0 

2.0 

2.4 

60 

1.5 

UFNAll 

1.0 

2.0 

2.4 



Dram,, 

Source 

Voltage 

Volts 

— 7— - 

O^ltate 

Resist- 

ance 

(Ohms) 


Ip Continuous 
Drain Current - 

Pu%ed 

Current 

(Amps) 

f^max. 

'Power 

pation 

^atts) 

Part- . 
^N'Ufpberr -I 

Case '' 


1.5 

UFND210 

0.6 

2.5 

1.0 

150 

2.4 

UFND213 

0.45 

1.8 

1.0 

,100 

0.3 ^ 

UFND120 

1.3 

5.2 

1.0 


0.6 

UFNDllO 

1.0 

4.0 

1.0 

100 

2.4 ' 

UFNDIZO 

0.5 

2.0 

1.0 

60 

0.4 ! 

UFND123 

1.1 

4.4 

1.0 

'-/m ‘ 

0.8 

UFND113 

0.8 

3.0 

1.0 


■ J 

UFND1Z3 

0.4 

1.5 

1.0 
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NPN BIPOLAR 

.5-30A, 60-500V 


POWER SWITCHING TRANSISTORS 

_ Q 


LOW VOLTAGE 


TO-92 


TO-5 


Maximum 
CoHector Current 

lAMP^ ' 
(PEAK) ; 

' ' 2AMP''' . 

-■ !, 3 AMP ■ ■' 

. Package Style ; 

l.vi'To^a 

■,'.r . 5 : ■ : 


to*5 ' 'v, '' 

o 

o 

a|> . 

zlS 

0!D 

<J(/} 

60V 


UPT212 

2N3418* 

2N3420* 

■ 80V 


UPT213 

2N3419* 

2N3421* 

lOOV 

f'l : 

UPTA510 

UPT214 

UPT215 



^ hire Minimum 

20@IA/ 

30 @ . 5A 

'26# lA 

40(® lA 

Vce (sat) Max. 

, 1V@.5A 

IV @ 2A 

.6V#2A 

.6V # 2A 

tf 

Maximum 

0.2ms 

(typical) 

. , 0,1ms 
( typical) 

1.2ms 

(toPF"ts + t|) 


HIGH VOLTAGE 


Maximum 
Collector Current 

.5 AMP 
(PEAK) 

1 AMP 
(PEAK), 

2 AMP* 

Package 

TO-92 

TO-92 

TO-5 

' ■Cc'-I-J' 

LtjO 

ES 

o 

^ OD 
u<y?. 

150V 



UPT311 


200V 

UPTB520 

UPTA520 

UPT312 

2N5662* 

250V 



UPT313 


- 275V 





300V 

UPTB530 

UPTA530 

UPT314 

UPT315 

2N5663* 

^3S0V 





400V; 

1 UPTB540 




. 500V . 

UPTB550 




hee t^inimum 

"20 @ 2'5rnA . 

25 # JA ,v 

' ' 30@'.5A •; 

40 @ .5A 
(2NS662S' ,, ' 

25 @ .5A 
(2NS663) 

Voe (sat) Max. 

;L2v # 50mA 

IV#.5A ; 

; > IV # 2A 

.4V @ lA 

t, ‘ 

Maximum 

I.Oms ' ' 

, (typical) 

0i2MS ' 

' (typical) 

0.3ms 

(typical) 

i 

0.4ms 

(2N5662) ' ' 

0.6ms ; ' 

{2N5663) 


^Available as JAN, JANTX, JANTXV. 
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PRODUCT SELECTION GUIDE 





Maximum 
Collector Current 

5 AMP 

Package Style 

TO-5 

TO‘50 

lOAll 

tg 

§i 'i 

' U'- ' 

-JH 

0 3 - ■ 

urn 

60V 

UPT612 





80V 

UPT613 

2N2151''* 

2N2880* 

2N3998* 

2N3999* 

2N3749* 

2N3996* 

2N3997* 

lOOV 

UPT614 

UPT615 





hfg Minimum 

30 # lA 

401® lA 

8G@ lA 

40 @ lA 

80@ lA 

VcE (sat) Max. 

IV # 5A 

.25V@1A(1V(® lAfor2N2I51) 


(typical) 

O.BiiS 

(2N288Q): 

LOms 

■ 0.3|iis 
(2N3749) 

LOms 

OMpLS 

(2N3998),. 

0-8/xs 

(2N3996) 


HIGH VOLTAGE 


Maximum 
Collector Current 

2 AMP , 

; ■ ,3 AMiP- ■ 

4 AMP 

8 AMP 

Package Style 


'TO-es- 

TO-220AB 

;-T0*3;V;-; 

TO-220A8 


UJCD 

: .. ■}— , < 

tb 
sg s 

pE ,2.. 

H- 

_JC/) 

or? 

um 

150V 

UPT321 


UPT521 





2G0V 

UPT322 

2N5660* 

UPT522 





, 250V 

UPT323 


UPT523 


2N5838 



27 sy 





2N5839 



300V 

UPT324 

UPT325 

2N5661* 

UPT524 

UPT525 

UMT1203 


UMT13004 

2N6671 

350V 





2N5840 


2N6672 

400V 




UMT1204 


UMT13005 

2N6673 

600V 






j 


Minimum-. 

30@,5A 

40@.5A 
(2 N 5660) 

25@1A 

.7 @,2A 

10 @ 2A 

8 (®2A 

10@5A 

25@:5A, 
(2N566 1) . 

VcE'{sat) Max. 

iy@2A 

.4V(i lA 

IV @ 3A 

3M^3A/ 

1.5V ^2A 

0.6V (® 2A 

1.0 @ 5A 

' t,. ...■ 

Maximum 

0.3ms 

(typical) 

0 4mS 
(2N5660) 

04ms 

(typical) 


1.5ms 

0.9mS 

04mS 

0.6ms 

1 immei). 


^Available as JAN, JANTX, JANTXV 
**Available as JAN, JANTX 
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NPN BIPOLAR POWER SWITCHING TRANSISTORS 

.5-30A, 60-500V 



LOW VOLTAGE 


— 

Maximum/, 

< Cotetof' \ 

/" / ’s. : ' ' 


mrnmm} ^ 

■y.yn 

p<fap4'.; •• :.'•■ 

uiO 

-4 C/3 

-OD ' 

'■ 

70vif 

2N4150’='* 








.sov/P 


2N5552 






imyy 




my':': 



2N6354 

' 1 

hpE Minir 

lum 

ii sa^'SA..:./ 

f ' :50;®,5 a' 

: ID m lOA 

Vci (sat) Max. , : 



' l.OV m lOA 

Maximum 

'''0.^' /: P' 


'' 0«2^ ' ^ 


HIGH VOLTAGE 


, -Maximum 
Coliactor 
^ - "Curreiit^ 


' '% " '; ; ^ 5'AMP P- '-z ; = \ P 

k. -P'V' ' SAMP 

$%ia 



•' ■'■■ ' ' TO-'66' ,'. ■■' ’,'‘1 

_— - — 5!“, " i-T-'; 

'"' ',- ^''TO^S, ‘.Vv-'V-V 

'■Td%?»Ait' 

'P\ ''-/t0-3 , 

41 

-Vis r 
' 1^1 

JS-"' 

ISOV 





UPT721 






2D0V 

2N5666* 


2N5664* 


UPT722 






250V 





UPT723 




2N6306 


275V 











3i»V 


2N5667* 


2N5665* 

UPT724 

UPT725 

2N6542 


UMT13006 

2N6307 









UMT1006 



2N6308 

40&V. 






2N6543 

UMT1007 

UMT13007 



450V 













rmm 


^^sbmMz 

bk. . t- • '..w: .. ^ ■• 

rMt« 

' ^7 mM:S 

k 7m3A 

V 

3A , 

; 12#3A:' 

■yce-(*#fe-.i'^ 

s'' 

" \ {' > 






■ 

D.BVW'BA * 

'L5V#3A' 

' '"V; 

''' Max'imu 


ZEii^ 

A'i 

h^:::..:v.d 

/' Lb/i§''7 

mk^M, 

iii 

»i 

/■,#7i«'': ". ■ 
■ . 

' V''/ ■; d;%fA’"* 
L^/.kv.-P.:...:..:.:...:..l: :: ...v... 


*Avai!able as JAN, JANTX, JANTXV. 
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PRODUCT SELECTION GUIDE 



LOW VOLTAGE 


Collector 

Current 

10 AMP 

15 AMP 

20AMPic/%;M' 

30 AMP". ; 

Style 

TO-59 

T0411 

TO-3 

T04 


'll ' 

:sp S5 
I4J> p 
(r<3 ^ 

iij 

yf 

70V \ 







75V' 





2N5039* 


aov 

2N5658 

2N5659 





90V 




2N5038* 


2N5671 

lOOV 



2N6496 




120V 






2N5672 

hpE Minimum . .. 

50 # 5A : 

' 12 

■ 20"#f<l,2A- 

20 IDA 

20#15A 

Vce (sat) Max, 

0.5V @5A 

^ i.OV # SA 

L2V^<^12A 1 

-L0V-# iOA 

0,75V # 15A 

Maximum 

' ' ' ' 0.5^s / ' ' 

0'.5jyS 

0.5a(S 

/’ O.'5/^s 

' 0.5/iS. =' 


=^Available as JAN, JANTX, JANTXV. 


HIGH VOLTAGE 


8 AMP 

. ' 

10 AMP 

12 AMP 

15 AMP ; / 

30 AMP 

TO-3 

' TO-3 " 

t0-220AB 

T04 

T04 













2N6249 
























2N6250 








UMT1008. 

2N6544 


2N6674 



UMT13008 


2N6546 


2N6676 






2N6251 


UMTlOll 



2N6677 


UMT1009 

2N6545 


2N6675 



UMT13009 

UMT1012 

2N6547 


2N6678 

UMT2003 









UMT2000 



' 7#;Sft . 1 

10'@ lOA, 

.,8#10A 

8#, IOA 

,6@10A 

6 # 8A 

6#lOA 

6# IOA ' 

:'7#T5A : 

.Bit 15A J 

,5#j20A:’, 

l,5y€>.5A 1 

1.5,V®4;0A 

LOV # IOA- 

lOV # IOA 

1.5V ® IOA 

LSVi^BA 

l.OV® IOA 

1.5V it IOA 

3DV ® J.0A 

1.0# IBk- 

ij.#'.2bA^ 

03^s '-A' j 
(2N6544r5y | 
- 0,%s 1 

(UMT1008,9) 

. 'l.O^S . 

,'0,5//s. 

' * ; ' , ’ 

-'LOjUS 

? .-J ■; : 

'LO/fS , 

OJ/us 

b.%$ 

• ; 

- ' '../I 

0,7/1$. ' 

';'0.15As' i 

' 'J-K ' , 1 

O.B/ZS 
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POWER DARLINGTONS 


PRODUCT SELECTION GUIDE 



External bias types — for fast switching 
or other special purpose applications 


NPN Power Darlingtons 




Maximum 
Collector Current 

v'- ' IP' ipM 


Package Style 

T0.33 

TO-66 (3-Pin) 


TO-66 (3-Pin) 

COLLECTOR-EMITTER 
SUSTAINING VOLTAGE 

Vc*0 (SUSI 

60V 

U2T301 


U2T401 






80V 





2N6350* 

U2T101 


2N6352* 

U2T201 


150V 


U2T305 


U2T405 


2N6351* 

U2T105 


2N6353* 

U2T205 

hpg Minimum 

1000 @2A 


;lfe),0@5A 

1000 @ 5A 

2000 @5A 

1000 @5A 

^ce(sat) Maximum 

L5V@2A 

2.5V @2A 


1.5V @5A 

2.5V @5A 

1.5V @5A 

2.5V (@5A 

tf Typical 

' ' ' 0 v't'" '"'i-'' \ 

" 0.5/4$ , ' 


♦Available as JAN. JANTX, and JANTVX types 



Plastic Package types with integral 
bias resistance and shunt diode 
for maximum economy in standard 
applications 



Plastic NPN Power Darlingtons 



Maximum^ 
ODllector Currant 

5A (PEAK) 

Package Sl^le 

To-sa 

COLLECTOR-EMITTER 
SUSTAINING VOLTAGE 

- •SUS*. ■ ' : 

eov 

NPN 

PNP 

U2TA506 

U2TA606 

: 

U2TA508 

U2TA608 


U2TA510 

U2TA610 


'''h'Fi'MInMam ' 

S<»@3A 

Vde (sat) Maximum 

I,5V#3A: 

tf Typical 

0«S//s 
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POWER TRANSISTORS 

2 Amp, 80V, Planar NPN 


JAN&JANTX2N2151 


FEATURES 

• Meets MIL-S-19500/277 

• Collector-Base Voltage: up to 150V 

• D.C. Collector Current: 2A 

• Beta Guaranteed at 3 Current Levels 

• Characterized for Safe Operating Area 


DESCRIPTION 

Unitrode power transistors provide a unique 
combination of low saturation voltage, high 
gain and fast switching. They are ideally 
suited for power supply pulse amplifier and 
similar high efficiency power switching 
applications. 



ABSOLUTE MAXIMUM RATINGS 


Collector-Base Voltage, Vcbo 150V 

Collector-Emitter Voltage, V^^q 1*^0^ 

Emitter-Base Voltage, V^bq 8V 

D.C. Collector Current, 1^ 2A 

Base Current, Ig 2A 

Power Dissipation 

100°C Case 30W 

Operating Temperature Range — 55°C to US^C 

Storage Temperature Range — 65°Cto 200'’C 


MECHANICAL SPECIFICATIONS 


JAN & JANTX2N2151 




INCHES 

MILLIMETERS 

A 

400-455 

10.16-11 56 

B 

090-150 

2 28-3 81 

C 

320-468 

8.13-11.88 

D 

570- 763 

14 48-19 38 

E 

318- 380 

8 07-9 65 

F 

o 

ob 

cno 

1^0 * 11 ? 

~G~ 

424- 437 

10 77-11 10 

H 

185-215 

4 70-5 46 
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JAN & JANTX 2N2151 


ELECTRICAL SPECIFICATIONS (at 25°C unless noted) 


Test 

Symbol 

Min. 

Max. 

Units 

/277C 

Sub- 

group 

Method 

MIL-STD-750 

Test Conditions 

25°C 








Collector-Base Breakdown Voltage 

^^CBO 

150 

— 

Vdc 

A-2 

3001 

Ic = lOOuAdc, Cond. D 

Collector-Emitter Breakdown Voltage 







(Note 1) 

BVceo 

100 

— 

Vdc 

A-2 

3011 

1^ = 50mAdc, Cond. D 

Collector-Emitter Cutoff Current 

'CES 

_ 

5 

uAdc 

A-2 

3041 

VcE = 120Vdc, Vbe = 0, Cond. C 

Collector-Emitter Cutoff Current 

'CEX 

_ 

5 

uAdc 

A-2 

3041 

VcE = 120Vdc, VgB = IVdc, Cond. A 

Collector-Emitter Cutoff Current 

'CEO 

— 

10 

uAdc 

A-2 

3041 

VcE = 80Vdc, Cond. D 

Collector-Base Cutoff Current 

'CBO 

— 

5 

uAdc 

A-2 

3036 

VcB = 120Vdc, Cond. D 

Emitter-Base Cutoff Current 

Ubo 


2 

uAdc 

A-2 

3061 

Veb = 8Vdc, Cond. D 

D.C. Current Gain (Note 1) 

hpE 

40 

120 

— 

A-3 

3076 

Ic = lAdc, VcE = 5Vdc 

D.C. Current Gain (Note 1) 

hpE 

40 

120 

— 

A-3 

3076 

Ic = 0.5Adc, VcE = 5Vdc 

D.C. Current Gain (Note 1) 

hpE 

40 

__ 

— 

A-3 

3076 

lc = 0.1Adc, VcE = 5Vdc 

Collector Saturation Voltage (Note 1) 

^CE (sat) 

0.1 

1.0 

Vdc 

A-3 

3071 

lc = lAdc, lB = 0.1Adc 

Base Saturation Voltage (Note 1) 

^BE (sat) 

— 

1.2 

Vdc 

A-3 

3066 

Iq = lAdc, Ib = O.lAdc, Cond. A 

Base-Emitter Voltage (Note 1) 

^BE 

— 

1.2 

Vdc 

A-3 

3066 

Ic = lAdc, VcE = 5Vdc, Cond. B 

A.C. Current Gain 

hfe 

40 

160 

' 

A-5 

3206 

Ic = O.lAdc, VcE = 30Vdc, f = IkHz 

Gain-Bandwidth Product 

fl 

10 

70 1 

MHz 

A-5 

3306 

Ic = O.lAdc, VcE = 30Vdc, f = lOMHz 

Output Capacitance 

Cob 

— 

160 

Pf 

A-5 

3236 

VcB = 20Vdc, Ie=: 0, f = lMHz 

Thermal Resistance 

®J-C 

— 

2.5 1 

°c/w 

C-1 

3151 


100°C 








Forward-Biased Second Breakdown 

hk 

2 

— 

Adc 

B-9 

— 

VcE = 15Vdc, t =r 60 sec, see curve 

Forward-Biased Second Breakdown 

^s/b 

200 

— 

mAdc 

B-9 

— 

VcE = 57Vdc, t = 60 sec, see curve 

Forward-Biased Second Breakdown 

hk 

25 

— 

mAdc 

B-9 

_ 

VcE = lOOVdc, t = 60 sec, see curve 

Undamped Inductive Sweep 

Es/b 

20 

— 

mj 

B-5 

— 

Ic = 2Adc, L = lOmh 

Clamped Inductive Sweep 

Es/b 

80 

— i 

mj 

B-6 

— 

lc = 2Adc,L = 40mh,V,„„p = 150V 

150°C 








Collector-Emitter Cutoff Current 

^CES 



100 

uAdc 

A-4 

3041 

VcE == 120Vdc, Vbe = 0. Cond. C 

Collector-Emitter Cutoff Current 

^CEX 



100 i 

uAdc 

A-4 

3041 

VcE = 120Vdc, Veb = IVdc 

Emitter-Base Cutoff Current 

^EBO 

— 

20 

uAdc 

A-4 

3061 

Veb = 8Vdc, Cond. D 

-55°C 








D.C. Current Gain (Note 1) 

hpE 

20 

- 

- 

A-4 

3076 

Ic = 0.5Adc, VcE = 5Vdc 


Note: 1. Pulse width = 300/us; duty cycle < 2%. 
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~ NORMALIZED TRANSIENT 

THERMAL IMPEDANCE TIME (microseconds) 


JAN & JANTX 2N2151 


Switching Speed 
Characteristics 



Ic — COLLECTOR CURRENT (A) 


Switching Speed 
Characteristics 



1^ — COLLECTOR CURRENT (A) 


Thermal Response 



Switching Speed Circuit 


Vcc = 40VDC 
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POWER TRANSISTORS 

5 Amp, 80V, Planar, NPN 


JAN, JANTX, & JANTXV 2N2880 
JAN, JANTX, & JANTXV 2N3749 


FEATURES 

• Meets MIL-S-19500/315 

• Collector-Base Voltage: llOV 

• Fast Switching: t^ t^ = 300nSec max 

• Low Saturation Voltage: 0.25V max @ lA 


DESCRIPTION 

Unitrode power transistors provide a unique 
combination of low saturation voltage, high 
gain and fast switching. They are ideally 
suited for power supply, pulse amplifier and 
similar high efficiency power switching 
applications. 



ABSOLUTE MAXIMUM RATINGS 


Collector-Base Voltage, V^bo 

Collector-Emitter Voltage, Vceo 

Emitter-Base Voltage, V^bq 

D.C. Collector Current, 1^ 

Power Dissipation 

25"C Ambient 

100° C Case 

Operating and Storage Temperature Range 


llOV 
.80V 
8V 
5A 

..2W 
..30W 

-65°C to -f200°C 


MECHANICAL SPECIFICATIONS 


JAN, JANTX, & JANTXV 2N2880 





INCHES 

MILLIMETERS 

A 

400- 455 

1016-1156 

B 

090- 150 

2 28-3.81 


.320- 468 

8 13-11 88 

D 

570- 763 

14 48-19 38 

E 

318- 380 

8.07-9.65 

F 

055 ± 015 

>40. il 


424-. 437 

10 77-11 10 

H 

185-215 

4 70-5 46 





JAN, JANTX, & JANTXV 2N3749 



INCHES 

MILLIMETERS 

A 

.400 - .455 

10.16- 11.55 

B 

.090 - .250 

2.28 - 6 35 

C 

.320 - .468 

8.13- 11.88 

D 

.570 - .763 

14.48 - 19.38 

E 

065 - .090 

1 65 - 2 28 

F 

.313 - .318 

7.95 - 8 07 

G 

.p70 - .090 

1.77 - 2.28 

H 

.423 - .438 

10.74 - 11.12 

J 

.135 - .215 

3.43 - 5.46 
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JAN, JANTX, & JANTXV 2N2880 
JAN, JANTX, & JANTXV 2N3749 


ELECTRICAL SPECIFICATIONS (at 25°C unless noted) 


TEST 

SYMBOL 

MIN. 

MAX. 

UNITS 

/315 

Sub 

group 

MIL -STD -750 

METHOD 

TEST CONDITIONS 

Visual and Mechanical 

— 

— 

— 


A-1 

2071 

See Mechanical Data 

Collector-Base Voltage 

®^CBO 

110 



Vdc 

A-2 

3001 

Ic = 10/iAdc, Cond. D 

Collector-Emitter Voltage (1.) 

BVceo 

80 



Vdc 

A-2 

3011 

Ic = O.lAdc, Cond. D 

Emitter-Base Voltage 

®^EBO 

8 

— 

Vdc 

A-2 

3026 

If = 10/iAdc, Cond. D 

Collector-Emitter Cutoff Current 

^CEO 

— 

100 

/xAdc 

A-2 

3041 

VcE = 60Vdc, Cond. D 

Collector-Emitter Cutoff Current 

^CEX 

— 

10 

/iAdc 

A-2 

3041 

VcE = llOVdc, Veb = 0.5Vdc, 








Cond. A 

Collector-Base Cutoff Current 

^CBO 

— 

0.4 

fiAdc 

A-2 

3036 

VcB = SOVdc, Cond. D 

Emitter-Base Cutoff Current 

•ebo 

— 

0.4 

/iAdc 

A-2 

3061 

Veb = 6Vdc, Cond. D 

D.C. Current Gain (1.) 

hpE 

40 



A-3 

3076 

Ic = 50mAdc, Vce = 5Vdc 

D.C. Current Gain (1.) 

hpE 

40 

120 

— 

A-3 

3076 

Ic = lAdc, Vce = 5Vdc 

D.C. Current Gain (1.) 

^FE 

15 

— 



A-3 

3076 

Ic = 5Adc, Vce = 5Vdc 

Collector Saturation Voltage (1.) 

^CE fsat) 

— 

0.25 

Vdc 

A-3 

3071 

Ic = lAdc, Ib = O.lAdc 

Collector Saturation Voltage (1.) 

V 

''CE (sat) 

— 

1.5 

Vdc 

A-3 

3071 

Ic = 5Adc, Ib = 0.5Adc 

Base Saturation Voltage (1.) 

^BE (sat) 

— 

1.2 

Vdc 

A-3 

3066 

Ic = lAdc, Ig = O.lAdc 

Base On-Voltage (1.) 

^BE fon) 

— 

1.2 

Vdc 

A-3 

3066 

Ic = lAdc, Vce = 2Vdc 

A.C. Current Gain 

hpE 

40 

120 



A-4 

3206 

Ic =: 50mAdc, Vce = 5Vdc, 








f = IKHz 

Gain-Bandwidth Product 

ft 

20 

120 

MHz 

A-4 

3306 

Ic = lAdc, Vce = lOVdc, f = lOMHz 

Output Capacitance 

Cob 

— 

150 

pf 

A-4 

3236 

VcB = lOVdc, Ig = 0, f = IMHz 

Switching Parameters 








Delay Time 


— 

60 

ns 

A-4 

— 


Rise Time 

t, 



300 

ns 

A-4 




Storage Time 

ts 



1.7 

fiS 

A-4 



> See Switching Speed Circuit 

Fall Time 

tf 

— 

300 

ns 

A-4 

— 

) 

Thermal Resistance 

®JC 

— 

3.33 

“C/W 

C-1 

3151 


100“C 








Forward-Biased Second 

Is/b 

5 



Adc 

B-5 

3051 

Vce = 6Vdc, t=: 60Sec, 

Breakdown 







Tc = 100“C 

Forward-Biased Second 

Is/b 

80 



mAdc 

B-5 

3051 

Vce = SOVdc, t = 60Sec, 

Breakdown 







Tc = 100“C 

Clamped Reverse-Biased 

^s/b 

12.5 

— 

mj 

B-7 

— 

Ic = 5A,L = lmH, Vc„,, = 110V, 

Second Breakdown 







o"* 

II 

s 

o 

Undamped Revers -Biased 

^s/b 

12.5 

_ 

mj 

B-6 

3053 

X 

E 

rH 

II 

-J 

II 

_c 

Second Breakdown 







Base Open 

Undamped Reverse-Biased 

Es/b 

12.8 

— 

mj 

B-6 

3053 

Ic = 1.6A, L = lOmH 

Second Breakdown 







Base Open 

150°C 








Collector-Emitter Cutoff Current 

^CEX 

— 

50 

/iA 

A-5 

3041 

Vce = SOVdc, VEB = 0.5Vdc 








Cond. A,T^=:150‘’C 

-SS^C 








D.C. Current Gain (1.) 

hpE 

15 

— 

— 

A-5 

3076 

lc = lAdc, Vce = 5Vdc 








T^ = -SS^C 


Note 1. Pulse Width = 300^860, duty cycle < 2% 
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~ NORMALIZED TRANSIENT 

THERMAL IMPEDANCE TIME (microseconds) 


JAN, JANTX, & JANTXV 2N2880 
JAN, JANTX, & JANTXV 2N3749 


Switching Speed 
Characteristics 



12 5 10 

Ic — COLLECTOR CURRENT (A) 


Switching Speed 
Characteristics 



12 5 10 

Ic — COLLECTOR CURRENT (A) 


Thermal Response 



TIME (milliseconds) 


Switching Speed Circuit 


-f20.3Vdc 



NOTES: 

1, 1^ lA, Ibi » — Ib 2 100mA 

2. The values of collector current and base 
current are nominal. The actual values will 
vary slightly with transistor parameters. 
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POWER TRANSISTORS 

3 Amp, 80V, Planar NPN 


JAN,JANTX,&JANTXV2N3418 
JAN, JANTX, & JANTXV 2N3419 
JAN, JANTX, & JANTXV 2N3420 
JAN, JANTX, & JANTXV 2N3421 


FEATURES 

• Meets MIL-S-19500/393 

• Collector-Base Voltage: up to 125V 

• Peak Collector Current: 5A 

• High Power Dissipation in TO-5: 
15W @ Tc = 100°C 

• Fast Switching 


DESCRIPTION 

Unitrode power transistors provide a unique 
combination of low saturation voltage, high 
gain, and fast switching. They are ideally 
suited for power supply, pulse amplifier and 
similar high frequency power switching 
applications. 


ABSOLUTE MAXIMUM RATINGS 



JAN, JANTX, & JANTXV 
2N3418 

2N3420 

JAN, JANTX, & JANTXV 
2N3419 

2N3421 

Collector-Base Voltage, V^bo 

85V. 

125V 

Collector-Emitter Voltage, V^eq 

60V 

80V 

Emitter-Base Voltage, V^gQ 

8V. . 

8V 

D.C. Collector Current, 1^ 

3A 

3A 

Peak Collector Current, 1^ 

Power Dissipation 

5A, . 

5A 

25°C Ambient 

LOW 

LOW 

100°C Case 

Operating and Storage Temperature Range . .. . 

15W . . 

15W 

-65°C to -f200°C 


MECHANICAL SPECIFICATIONS 


JAN, JANTX, & JANTXV 2N3418-2N3421 TO-5 





JAN, JANTX, & JANTXV 2N3418-2N3421 


ELECTRICAL SPECIFICATIONS (at 25°C unless noted) 


TEST 

SYMBOL 

MIN. 

MAX. 

UNITS 

/393 

Sub- 

group 

MIL -STD -750 

METHOD 

TEST CONDITIONS 

Visual and Mechanical 

- 

- 

- 

- 

A-1 

2071 

See Mechanical Data 

Collector-Emitter Breakdown Voltage (1.) 

BVceo 




A-2 

3011 

1^ = 50mAdc, Cond. D 

2N3418, 2N3420 


60 

— 

Vdc 




2N3419, 2N3421 


80 

_ 

Vdc 




Collector-Emitter Cutoff Current 

^CEX 




A-2 

3041 

Veb = 0.5Vdc, Cond. A 

2N3418, 2N3420 


— 

0.5 

nMc 



VcE = 80Vdc 

2N3419, 2N3421 


— 

0.5 

/lAdc 



VcE = 120Vdc 

Collector-Emitter Cutoff Current 





A-2 

3041 

Cond. D 

2N3418, 2N3420 


— 

5.0 

/iAdc 



VcE = 45Vdc 

2N3419, 2N3421 


— 

5.0 

Mdc 



VcE = 60Vdc 

Emitter-Base Cutoff Current 

Ubo 

— 

0.5 

/tAdc 

A-2 

3061 

Veb = 6Vdc, Cond. D 

Emitter-Base Cutoff Current 

^EBO 

— 

10 

/xAdc 

A-2 

3061 

Vgg = 8Vdc, Cond. D 

D.C. Current Gain (1.) 

hpE 




A-3 

3076 

lc = 100mAdc, VcE = 2Vdc 

2N3418, 2N3419 


20 

— 

— 




2N3420, 2N3421 


40 

— 

— 




D.C. Current Gain (1.) 

hpE 




A-3 

3076 

Ic = lAdc, VcE = 2Vdc 

2N3418, 2N3419 


20 

60 

— 




2N3420, 2N3421 


40 

120 

— 




D.C. Current Gain (1.) 

hpE 




A-3 

3076 

lc = 2Adc, VcE = 2Vdc 

2N3418, 2N3419 


15 

— 

— 




2N3420, 2N3421 


30 








D.C. Current Gain (1.) 

hpE 




A-3 

3076 

1^ =: 5Adc, V^E = 5Vdc 

2N3418, 2N3419 


10 








2N3420, 2N3421 


15 








Collector-Emitter Saturation Voltage (1.) 

^CE (sat) 

— 

0.25 

Vdc 

A-3 

3071 

lc = lAdc, lB = 0.1Adc 

Collector-Emitter Saturation Voltage (1.) 

^CE (sat) 

— 

0.5 

Vdc 

A-3 

3071 

lc = 2Adc, lB = 0.2Adc 

Base-Emitter Saturation Voltage (1.) 

^BE (sat) 

0.6 

1.2 

Vdc 

A-3 

3066 

lc = lAdc, Ig^O.lAdc 

Base-Emitter Saturation Voltage (1.) 

^BE (sat) 

0.7 

1.4 

Vdc 

A-3 

3066 

lc = 2Adc, lB = 0.2Adc 

Gain Bandwidth Product 

fy 

40 

160 

MHz 

A-4 

3306 

Ic =: O.lAdc, VcE = lOVdc, f = 20MHz 

Output Capacitance 

Cob 

— 

150 

Pf 

A-4 

3236 

VcB = 10Vdc, lB = 0,f i=lMHz 

Switching Parameters 








Turn-on Time 

ton 

— 

0.3 

fiS 

A-4 

— 

Uc = lAdc, Ibi = -Ib 2 = O.lAdc 

Turn-off Time 

toff 

— 

1.2 

^S 

A-4 

— 

( See Switching Speed Circuit 

100°C 








Forward Biased Second Breakdown 

^s/b 

3 

— 

Adc 

B-6 

3005 

VcE = 5Vdc, t = 60sec, T^ = 100°C 

Forward Biased Second Breakdown 

's/b 

1 

— 

Adc 

B-6 

3005 

VcE = 15Vdc, t = 60sec, T^ == 100°C 

Forward Biased Second Breakdown 

Is/b 

0.4 

_ 

Adc 

B-6 

3005 

VcE = 37Vdc, t = 60sec, T^ = 100°C 

Forward Biased Second Breakdown 

Is/b 




B-6 

3005 

t = 60sec, =: 100° C 

2N3418, 2N3420 


185 

— 

mAdc 



VcE = 60Vdc 

2N3419, 2N3421 


120 

— 

mAdc 



VcE = 80Vdc 

Undamped Reverse Biased 

Cs/b 

45 

_ 

mj 

B-7 

_ 

lc=:3Adc, L = 10mH, 

Second Breakdown 







Base Open 

Clamped Reverse Biased Second 

Es/b 

180 

— 

mj 

B-8 

— 

lc = 3Adc, L=:40mH, 

Breakdown 







V clamp = Rated V^go 

150°C 








Collector-Emitter Cutoff Current 

^CEX 




A-5 

3041 

VpR = 0.5Vdc, Cond. A, T. 150°C 

2N3418, 2N3420 


— 

50 

fiMc 



VcE = 80Vdc, 

2N3419, 2N3421 


— 

50 

fiMc 



VcE = 120Vdc, 

-55°C 








D.C. Current Gain (1.) 

hpE 

10 

— 

— 

A-5 

3076 

Ic = lAdc, VcE = 2Vdc, T^ = -55°C 


Note: 1. Pulse width = 300/iSec, duty cycle ^ 2%. 
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VOLTAGE (V) Ic — COLLECTOR CURRENT (A) Ic “ COLLECTOR CURRENT (A) 


JAN, JANTX, & JANTXV 2N3418-2N3421 


Forward Bias 



12 5 10 20 50 60 80 

VcE — COLLECTOR TO EMITTER VOLTAGE 


Undamped Reverse Bias 



0 1 2 3 4 5 

Ic — COLLECTOR CURRENT (A) 



Reverse Bias 
Safe Operating Area 
Clamped Inductive Switching 











V/ 

200'’C 



r 

r 











— 









2N341 

2N341 

.8,20 

Q 01 

- 















1 2 5 10 20 50 60 80 

VcE — COLLECTOR TO EMITTER VOLTAGE (V) 



Ic — COLLECTOR CURRENT (A) 


Saturation Voltage 



.005 .01 .02 .05 .1 .2 .5 1 2 5 

Ic — COLLECTOR CURRENT (A) 


Saturation Voltage 
Temperature Coefficients 
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- NORMALIZED TRANSIENT 

THERMAL IMPEDANCE TIME (microseconds) 


JAN, JANTX, & JANTXV 2N3418-2N3421 


Switching Speed 
Characteristics 



Ic — COLLECTOR CURRENT (A) 


Switching Speed 
Characteristics 



Ic — COLLECTOR CURRENT (A) 


Thermal Response 



Switching Speed Circuit 


f20.3Vdc 
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POWER TRANSISTORS 

5 Amp, 80V, Planar NPN 


JAN, JANTX, & JANTXV 2N3996 
JAN, JANTX, & JANTXV 2N3997 
JAN, JANTX, & JANTXV 2N3998 
JAN, JANTX, & JANTXV 2N3999 


FEATURES 

• Meets MIL-S-19500/374^ 

• Collector-Base Voltage: Up to lOOV 

• D.C. Collector Current: 5A 

• Fast Switching 

• Beta Guaranteed at 3 Current Levels 


DESCRIPTION 

Unitrode power transistors provide a 
unique combination of low saturation 
voltage, high gain and fast switching. They 
are ideally suited for power supply pulse 
amplifier and similar high efficiency power 
switching applications. 



ABSOLUTE MAXIMUM RATINGS 


Collector-Base Voltage, V^bq lOOV 

Collector-Emitter Voltage, V^er 80V 

Emitter-Base Voltage, V^bq 8V 

D.C. Collector Current, 1^^ 5A 

Peak Collector Current, Ic lOA 

Power Dissipation 

25°C Ambient 2W 

100°C Case 30W 

Operating and Storage Temperature Range — 65°C to 200°C 


MECHANICAL SPECIFICATIONS 


JAN, JANTX, & JANTXV 2N3996, 2N3997 




INCHES 

MILLIMETERS 

A 

.400 - .455 

10.16- 1155 

B 

.090 - 250 

2.28 - 6.35 

C 

.320 - .468 

8 13 - 11.88 

D 

570 - .763 

14.48 - 19.38 

E 

.065 - 090 

1.65 - 2.28 

F 

313- 318 

7.95 - 8.07 

G 

.070 - 090 

1 77 - 2.28 

H 

.423 - .438 

10.74 - 11.12 

J 

135 - .215 

3 43 - 5.46 



JAN, JANTX, & JANTXV 2N3998, 2N3999 




INCHES 

MILLIMETERS 

A 

400- 455 

10 16-11 56 

B 

090- 150 

2 28-3 81 

C 

320- 468 

8.13-11 88 

D 

570- 763 

14 48-19 38 

E 

318- 380 

8 07-9 65 

F 

+ OlO 

055 ± 0^5 



424- 437 

10 77-11 10 

H 

185-215 

4 70-5 46 
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JAN, JANTX, & JANTXV 2N3996, 2N3997, 2N3998, 2N3999 


ELECTRICAL SPECIFICATIONS (at 25°C unless notecDt 




2N3996* 

2N3998* 

2N3997* 

2 N 3999* 



Test 

Symbol 

Min. 

Max. 

Min. 

Max, 

Units 

Test Conditions 

D.C. Current Gain 

hpE 

30 

- 

60 

- 

— 

lc=50 mA, Vce=2V 

D.C. Current Gain (Note 1) 

hEE 

40 

120 

80 

240 

- 

IccnlA, Vce=2V 

D.C. Current Gain (Note 1) 

hfE 

15 

- 

20 

- 

- 

lc:=:5A, Vce=5V 

D.C. Current Gain, — 55°C (Note 1) 

hEE 

10 

- 

20 

- 

- 

IczzlA, Vce=2V 

Collector Saturation Voltage (Note 1) 

VcE (sat) 

- 

0.25 

- 

0.25 

V 

lc=lA, Ib=100 mA 

Collector Saturation Voltage (Note 1) 

VcE (sat) 

— 

2 

— 

2 

V 

lc=z5A, Ib=500 mA 

Base Saturation Voltage (Note 1) 

Vbe (sat) 

0.6 

1.2 

0.6 

1.2 

V 

lc=lA, Ib=100 mA 

Base Saturation Voltage (Note 1) 

Vbe (sat) 

— 

1.6 

— 

1.6 

V 

lc=:5A, Ib=500 mA 

Collector-Emitter Breakdown Voltage 
(Note 1) 

BVceo 

80 

__ 

80 

— 

V 

lc=50 mA, Ib=0 

Emitter-Base Cutoff Current 

Iebo 

- 

0.2 

- 

0.2 

aA 

Vbe=:5V, Ic=0 

Emitter-Base Cutoff Current 

Iebo 

- 

10 

- 

10 

jj-IK 

o 

II 

u 

> 

CO 

11 

> 

Collector Cutoff Current 

Ices 

— 

5 

- 

5 

mA 

Vce=:90V, Rbe=0 

Collector Cutoff Current 

IcEO 

— 

10 

- 

10 

mA 

Vce=60V, Ib=0 

Collector Cutoff Current, 150°C 

Ices 

- 

50 

— 

50 

^A 

Vce=90, Rbe— 0 

Collector Capacitance 

Cob 

- 

150 

- 

150 

Pf 

VcB=10V, Ie=0, f=il mHz 

A.C. Current Gain (High Frequency) 

hfe 

4 

- 

4 

- 

— 

lc=lA, Vce=5V, i-lO MHz 

c.. Turn-on Time 

Switching Speeds _ 

Turn-off Time 

ton 

toff 

— 

0.3 

1.5 


0.3 

2 

i 

fxS 

IxS 

lc=lA 

IbirrlOOmA, -100 mA 


Notes: 

1. Pulse width = 300//S: duty cycle <2%. 
t All values in this table are JEDEC registered. 


*Also applicable to 
JAN and JANTX versions 
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D.C. CURRENT GAIN 1^ _ COLLECTOR CURRENT (A) _ COLLECTOR CURRENT (A) 


JAN, JANTX, & JANTXV 2N3996, 2N3997, 2N3998, 2N3999 


Forward Bias 
Safe Operating Area 

10 
5 

2 
1 
.5 

.2 
.1 

.05 

.02 
.01 

1 2 5 10 20 50 80 100 

VcE - COLLECTOR TO EMITTER VOLTAGE (V) 



Undamped Reverse Bias 
Second Breakdown 



0 1 2 3 4 5 6 

Ic — COLLECTOR CURRENT (A) 


Reverse Bias 
Safe Operating Area 
Clamped Inductive Switching 
















V/ 

o 

o 

O 















1 








1 





1 2 5 10 20 50 80 

VcE — COLLECTOR TO EMITTER VOLTAGE 


D.C. Current Gain 
2N3996-2N3998 



.01 .02 .05 .1 .2 .5 1 2 5 10 

Ic — COLLECTOR CURRENT (A) 


D.C. Current Gain 
2N3997-2N3999 



.01 .02 .05 .1 .2 .5 1 2 5 10 

Ic — COLLECTOR CURRENT (A) 


Saturation Voltage 
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AV — TEMPERATURE COEFFICIENTS (MV/^C) 





POWER TRANSISTORS 

10 Amp, 70V, Planar NPN 


JAN, JANTX & JANTXV 2N4150 


FEATURES 

• Meets MIL-S-19500/394 

• Collector-Base Voltage; up to lOOV 

• Peak Collector Current: lOA 

• Fast Switching 

• Low Saturation Voltage 


DESCRIPTION 

Unitrode power transistors provide a 
unique combination of low saturation 
voltage, high gain and fast switching. They 
are ideally suited for power supply pulse 
amplifier and similar high efficiency power 
switching applications. 



ABSOLUTE MAXIMUM RATINGS 

Collector-Base Voltage, V^bq lOOV 

Collector-Emitter Voltage, Vceo 70V 

Emitter-Base Voltage, V^gQ 7V 

Peak Collector Current, 1^ lOA 

Power Dissipation 

25°C Ambient 1.5W 

100°C Case 5W 

Operating and Storage Temperature Range — eS^C to 200°C 


MECHANICAL SPECIFICATIONS 


JAN, JANTX & JANTXV 2N4150 



INCHES 

MILLIMETERS 


335-.370 

8.51-9 40 


305- 335 

7.75-8.51 

c 

240-260 

6 09-6.60 


1 5 MIN 

38.10 MIN 

Tl 

010-030 

254-.762 

F 

b 

oo 

oo 

4^2 ± 051 
.432 ± q25 


200 

5 08 

H 

100 

2.54 

J 

031 ±003 

787±.076 

K 

.029-.045 

.736-1.14 

L 

100 

2 54 
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JAN, JANTX & JANTXV 2N4150 


ELECTRICAL SPECIFICATIONS (at 25°C unless noted) 








/394 

Sub 


MIL-STD-750 










Test 

Symbol 

Min. 

Max. 

Units 

group 

Method 

Test conditions 

Visual and Mechanical 





A-1 

2071 

See Mechanical Data 

25°C 









Collector-Base Breakdown Voltage 

BVcbo 

100 


Vdc 

A-2 

3001 

l(^ = lOuAdc; Cond. D 

Collector-Emitter Breakdown Voltage (Note 1) 

BVceo 

70 

— 

Vdc 

A-2 

3011 

1^ rz O.lAdc; Cond. D 

Emitter-Base Breakdown Voltage 

BVebo 

7 

— 

Vdc 

A-2 

3026 

Ig m lOuAdc; Cond. D 

Collector-Emitter Cutoff Current 

*CEO 

— 

10 

AAdc 

A-2 

3041 

VcE = 60Vdc; Cond. D 

Collector-Emitter Cutoff Current 

^CEX 

— 

10 

fiAdc 

A-2 

3041 

V'cE = lOOVdc, Veb = O.SVdc; Cond. A 

Collector-Base Cutoff Current 

*CBO 

— 

0.1 

ixMc 

A-2 

3036 

VcB = SOVdc; Cond. D 

Emitter-Base Cutoff Current 

*EBO 

— 

0.1 

> 

Q. 

O 

A-2 

3061 

Vbb = 5Vdc; Cond. D 

D.C. Current Gain (Note 1) 

hpE 

40 

120 

— 

A-3 

3076 

Ic = 5Adc, VcE = 5Vdc 

D.C. Current Gain (Note 1) 

hpE 

10 

— 

— 

A-3 

3076 

Ic ~ lOAdc, VcE = 5Vdc 

D.C. Current Gain (Note 1) 

*^FE 

50 

— 

— 

A-3 

3076 

Ic = lAdc, VcE 5Vdc 

Collector Saturation Voltage (Note 1) 

^CE (sat) 

— 

0.6 

Vdc 

A-4 

3071 

Ic = 5Adc, Ig = 0.5Adc 

Collector Saturation Voltage (Note 1) 

^CE (sat) 

— 

2.5 

Vdc 

A-4 

3071 

lc = 10Adc, IgzrlAdc 

Base Saturation Voltage (Note 1) 

^BE (sat) 

— 

1.5 

Vdc 

A-4 

3066 

Ic = 5Adc, Ig =r 0.5Adc; Cond. A 

Base Saturation Voltage (Note 1) 

^BE (sat) 

— 

2.5 

Vdc 

A-4 

3066 

Ic = lOAdc, Ig rz lAdc; Cond. A 

A.C. Current Gain 

hfe 

40 

160 

— 

A-4 

3206 

Ic = SOmAdc, VcE = 5Vdc, f == IKHz 

Gain-Bandwidth Product 

fl 

15 

75 

MHz 

A-4 

3306 

Ic == 0.2Adc, VcE =: lOVdc, f =10 MHz 

Output Capacitance 

^ob 

— 

350 

Pf 

A-4 

3236 

VcB = 10Vdc, IgzrO, f = lMHz 

Thermal Resistance 

^J-C 

- 

20 

Oc/w 

C-1 

3151 



Delay Time 

td 

- 

50 

ns 

A-4 

- 

) Vcc = 20V 

Switching 

Rise Time 

t^ 

— 

500 

ns 

A-4 

— 

Speeds 

Storage Time 

ts 


1.5 

fiS 

A-4 



/ Ic = 5A 









\ lg| = Ig2, Ig, = 0.5A 


Fall Time 

tf 

— 

500 

ns 

A-4 

— 


100°C 









Forward-Biased Second Breakdown 

E/t 

5 

- 

Adc 

B-6 

3005 

VcE = IVdc, t = 60Sec, 

Forward-Biased Second Breakdown 

hie 

70 

1 

mAdc 

B-6 

3005 

VcE = IVdc, t = 60Sec, 

Undamped Reverse Biased Second Breakdown 

Es/b 

12.5 

i 

mj 

B-7 

- 

Ic = 5Adc, L = Imh 

Clamped Reverse Biased Second Breakdown 

Es/b 

200 

- 

mj 

B-8 

- 

Ic 5Adc, L = 40mh, V^.^^p = 70V 

150°C 









Collector-Emitter Cutoff Current 

*CEX 

— 

100 

> 

Q. 

O 

A-5 

3041 

VcE = 80Vdc, VgB = O.SVdc, Cond. A 

-55°C 









D.C. Current Gain (Note 1) 

*^FE 

20 

— 

- 

A-5 

3076 

lc = 5Adc, VcE=:5Vdc 


Note; 

1. Pulse width = 300//S; duty cycle <2%. 
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VOLTAGE (V) 1 ^ _ COLLECTOR CURRENT (A) 'c ~ COLLECTOR CURRENT (A) 



VcE — COLLECTOR TO EMITTER VOLTAGE (V) 


Reverse Bias 
Safe Operating Area 
Clamped Inductive Switching 

















5 200°C 





















i 

1 


i 





1 2 5 10 20 50 70 

_ COLLECTOR TO EMITTER VOLTAGE (V) 


Saturation Voltages 



— TEMPERATURE COEFFICIENTS (mV/“C) — D.C. CURRENT GAIN L — INDUCTANCE (millihenries) 











POWER TRANSISTORS 

20 Amp, 150V, Double Diffused 
NPN Mesa 


JAN, JANTX, JANTXV 2N5038 
JAN, JANTX, JANTXV 2N5039 


FEATURES 

• Collector-Base Voltage: up to 150V 

• Peak Collector Current: 30A 

• t^nTime <500 nS 

• toff Time <2/iS 

• Qualified to MIL-S-19500/439 


DESCRIPTION 

These MIL approved double diffused 
glass passivated mesa power transistors 
combine fast-switching, low saturation 
voltage and rugged Ej/b capability. They 
are designed for use in switching 
regulators, converters, inverters and 
switching-control amplifiers. 



ABSOLUTE MAXIMUM RATINGS 


Collector-Base Voltage, Vcbo 

Collector-Emitter Sustaining Voltage, Vqer (sus) (D 

^CEO (SUS) • 

Emitter-Base Voltage, Vebq 

Collector Current, Ic continuous 

Collector Current, I CM peak 

Base Current, Ig continuous 

Power Dissipation, 25°C Case 

Operating and Storage Temperature Range 

(1) With RBE<50n 


JAN, JANTX 

JAN, JANTX 

& JANTXV 

& JANTXV 

2N5038 

2N5039 

150V 

125V 

. IIOV 

95V 

90V 

75V 

7V 

7V 

20A 

20A 

30A 

30A 

5A 

5A 

...,140W 

WOW 


-65 to 200°C 


MECHANICAL SPECIFICATIONS 


NOTE: 

Leads may be soldered to within 
Vie" of base provided temperature- 
time exposure is less than 260‘’C 
for 10 seconds. 


JAN, JANTX, JANTXV 2N5038, 2N5039 



ins. 

mm 

A 

.875 MAX. 

2.22 MAX. 

B 

.135 MAX. 

0.34 MAX. 

c 

.250— .450 

0.64—1.14 

D 

.312 MIN. 

0.79 MIN. 

E 

.205— .225 

0.52—0.57 

F 

.420— .440 

1.07—1.12 

J 

.151— .161 DIA. 

0.38—0.41 

K 

.188 MAX. RAD. 

0.48 MAX. RAD. 

L 

.525 MAX. RAD. 

1.33 MAX. RAD. 

M 

.655— .675 

1.66—1.71 

N 

1.177—1.197 

2.99—3.04 

P 

.038— .043 DIA. 

0.10—0.11 DIA. 





9/79 
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JAN, JANTX, & JANTXV 2N5038 
JAN, JANTX, & JANTXV 2N5039 

Electrical Specifications (at 25°C unless noted) 




2N5038 

2N 5039 



Test 

Symbol 

MIN. 

MAX. 

MIN. 

MAX. 

Units 

Test Conditions 

D.C. Current Gain (Note 1) 

h 

50 

— 

30 

— 


le=:0.5,VcE = 5V 

fipE 

50 

200 

30 

150 


Ic = 2A,Vce = 5V 

D.C. Current Gain (Note 1) 


- 

- 

20 

- 


Ic = 10A,Vce = 5V 

''fe 

20 

— 

— 

- 


Ic = 12A, VcE = 5V 

D.C. Current Gain — SS'C 

hpE 

— 

— 

10 

__ 


Ic = 10A.Vce = 5V 

10 

— 


— 


Ic = 12A,Vce = 5V 

Collector Saturation Voltage 
(Note 1) 

VcE (sat) 

- 

- 

- 

1.0 

V 

Ic = lOA, Ib = l.OA 

Collector Saturation Voltage 


— 

1.0 


— 

V 

Ic = 12A, Ib = 1.2A 

(Note 1) 

''CE (sat) 

— 

2.5 

— 

2.5 

lc = 20A, Ib = 5A 

Base-Emitter Voltage (Note 1) 



— 

— 

1.8 

V 

> 

LD 

II 

UJ 

o 

> 

< 

O 

II 

_o 

Vbe 

— 

1.8 

— 

— 

V 

> 

tn 

II 

UJ 

o 

> 

< 
CM 
1— 1 

II 

o 

Collector-Emitter Sustaining 
Voltage (Notes 2, 3) 

VcEO (sus) 

90 


75 

- 

V 

Ic = 0.2A, L = 15mH 

Collector-Emitter Sustaining 
Voltage (Notes 2, 3) 

^CEX (sus) 

150 


125 

- 

V 

Ic = 0.2A, L = 2mH 

Vbe = -1.5V 

Ib = 0 

Rbe = 100 n 

Collector-Emitter Sustaining 
Voltage (Notes 2, 3) 

VcER (sus) 

no 


95 

- 

V 

RBE = 50fi, lc=:0.2A,L rr 15 mH 

Emitter-Base Voltage 

^EBO 

7.0 

- 

7.0 

- 

V 

lE = 25mA 

Collector Cutoff Current 

1 

— 

— 

~ 

25 

mA 

Vcb = 125V 

•CBO 

— 

25 

— 

— 

VcB = 150V 

Collector Cutoff Current 

*CEO 

— 

— 

— 

10 

mA 

Vce = 55V 

— 

10 

— 

— 

Vce = 70V 

Collector Cutoff Current 

1 

— 

- 

— 

5.0 

mA 

VcE = 85V, Vbe = -1.5V 

•CEX 

— 

5.0 

— 

— 

Vce = 100V,Vbe = -1.5V 

Collector Cutoff Current, 150°C 

I 


— 

— 

10 

mA 

VcE = 85V, Vbe = -1.5V 

'CEX 

— 

10 

— 

— 

Vce = 100V,Vbe = -1.5V 

Emitter Cutoff Current 

Iebo 

- 

5.0 

— 

5.0 

mA 

Vbe = -5V 

Magnitude of Small Signal 
Forward — Current Transfer 
Ratio 

|h,e| 

12 

48 

12 

48 

- 

VcE = 10V, lc = 2A,f = 5MHz 

Collector Capacitance 

^ob 

- 

500 


500 

pF 

VcB = 10V,f = lMHz 

Thermal Resistance; 
Junctlon-to-Case 

R0JC 

- 

1.25 

— 

1.25 

°C/W 

VcE = 10V, lc = 10A 


Notes: 

1. Pulse width. = 250^<S; duty cycle <1%. 

2. Sustaining Voltage. Measured at a high current point where collector-emitter voltage is lowest. Current pulse length s 50/yS; duty cycle < 1%. 
Voltage clamped at maximum collector-emitter voltage. 

3. Undamped inductive load. 
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JAN, JANTX & JANTXV 2N5038 
JAN, JANTX & JANTXV 2N5039 


Electrical Specifications (at 25°C unless noted) 




2N5038 

2N5039 



Test 

Symbol 

MIN. 

MAX. 

MIN. 

MAX. 

Units 

Test Conditions 

Second Breakdown Energy 

Es/b 

clamped 

14 

- 

14 

- 

mJ 

lc = 20Adc,L = 70/xH,0.in 
Vcc = 75V, 90V 

R, = 3.7512, 4.512 

Es/b 

undamped 







5.06 

- 

5.06 



lc = 4.5Adc,L = 500/xH, 0.112 
Vcc = lOVdc 

Forward Bias 

Second Breakdown 

Collector Current 

Is/b 

5.0 

— 

5.0 

— 

/\ 

VcE = 28V, t = Is, non-rep. 

0.9 

— 

0.9 

— 


VcE = 45V, t = Is, non-rep. 

Switching Speeds 

Turn-on Time 


- 

0.5 

1 

- 

/^S 

lc = 12Adc 

Ibi ~ ^B 2 — l*2Adc 

Vcc = 30Vdc±2V 

Turn-on Time 


- 

- 


0.5 

/xS j 

Ic = lOAdc 

Ig, = Ib 2 = lAdc 

Vcc = 30Vdc ±2V 

Turn-off Time 

to.. 

- 

- 

- 

2.0 


Ic = lOAdc 

Ib, = Ib 2 = LOAdc 

Vcc = 30Vdc ±:2V 

Turn-off Time 

*off 

- 

2.0 

- 

- 

fiS 

lc = 12Adc 

Ig, = Ib 2 = 1.2Adc 

Vcc = 30Vdc ±2V 



Switching Time Test Circuit 


Pulse In 
(Note 1) 


= +30V ±2V 


3.3Q (2N5038) 
4.0S2 (2N5039) 


O — vw- 


i 


3.3Q (2N5038) 
4.0S2 (2N5039) 
IW 


"I 


2.5fi (2N5038) 
3.00 (2N5039) 

low 


Scope 
(Note 2) 


i 



Notes 

1. The rise time (t^) and fall time (t,) of the applied pulse shall be each ^20 nanoseconds; duty cycle ^2%; generator source impedance shall be 
50 ohms; Pulse width = 20 jj.S 

2. Output sampling oscilloscope: ^lOOK ohms; C,„ ^50pf; rise time ^20 nanoseconds. 
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TIME (ns) VOLTAGE (V) I — COLLECTOR CURRENT (A) 


JAN, JANTX & JANTXV 2N5038 
JAN, JANTX & JANTXV 2N5039 


Forward Bias Safe Operating Area 
for 2N5038 and 2N5039 



g 3 I I I I I I 1 I I 1 I 1 1 [. 1 

'2 5 10 20 50 100 200 


— COLLECTOR VOLTAGE (V) 


Saturation Voltages 



0.2 0.5 1 2 5 10 20 


I ^ — COLLECTOR CURRENT (A) 


Turn-On Time 



0.2 0.5 1 2 5 10 20 

Ic — COLLECTOR CURRENT (A) 


Power Derating 



0 40 80 120 160 200 

Tc — CASE TEMPERATURE (X) 


DC Current Gain 



0.2 0.5 1 2 5 10 20 

Ic — COLLECTOR CURRENT (A) 


Turn-Off Time 



0.2 0.5 1 2 5 10 20 

Ic — COLLECTOR CURRENT (A) 
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POWER TRANSISTORS 

10 Amp, 120V, Planar NPN 


2N5552 5552-4 


FEATURES 

• Collector-Base Voltage: up to 120V 

• Peak Collector Current: lOA 

• Fast Switching 

• Beta Guaranteed at 3 Current Levels 


DESCRIPTION 

Unitrode power transistors provide a 
unique combination of low saturation 
voltage, high gain and fast switching. They 
are Ideally suited for power supply pulse 
amplifier and similar high efficiency power 
switching applications. 



ABSOLUTE MAXIMUM RATINGS 


Collector-Base Voltage, V^bo 120V 

Collector-Emitter Voltage, V^eo 

Emitter-Base Voltage, V^go 

D.C. Collector Current, l^ lOA 

Power Dissipation 

25°C Ambient 1.25W 

100°C Case 15W 

Operating and Storage Temperature Range — 65°C to 200°C 


MECHANICAL SPECIFICATIONS 


2N5552 





INCHES 

MILLIMETERS 

A 

.335- 370 

8 51-9 40 


305- 335 

7.75-8 51 

c 

240- 260 

6.09-6 60 

0 

1 5 MIN 

38 10 MIN 

E 

.010- 030 

254- 762 

F 

017 ± 

01/ ± QQJ 

432 ± 

432 ± q25 


200 

5.08 

H 

100 

2.54 

J 

.03U.003 

787± 076 

K 

029- .045 

736-1 14 

L 

.100 

2 54 





INCHES 

MILLIMETERS 

A 

.340 - .360 

8.63 - 9.14 

B 

.315 - .335 

8.00 - 8.51 

c 

.095 - 115 

2.41 - 2.92 

D 

1.5 MIN. 

38.10 MIN. 

E 

017 ± 001 

.432 ± .0254 

F 

.337 - 387 

9 57 - 9.83 

G 

.424 - 437 

10.77 - 11 10 

H 

.200 

5.08 




UNITRODE 
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2N5552 5552-4 


ELECTRICAL SPECIFICATIONS (at 25°C unless noted)t 


Test 

Symbol 

Min. 

Max. 

Units 

Test Conditions 

D.C. Current Gain 

hpE 

40 

250 

— 

lc = 0.5A, Vce = 2V 

D.C. Current Gain (Note 2) 

hpE 

50 

150 

— 

o 

II 

c-n 

> 

< 

o 

II 

< 

D.C. Current Gain (Note 2) 

hfE 

30 

_ 

— 

lpZ::10A, V,-e=:5V 

Collector Saturation Voltage (Note 2) 

^CE (sat) 

_ 

0.5 

V 

I(3=z5A, I^=:0.5A 

Collector Saturation Voltage (Note 2) 

^CE (sat) 

~ 

1.0 

V 

< 

II 

< 

o 

II 

JJ 

Base Saturation Voltage (Note 2) 

^BE (sat) 

— 

1.3 

V 

lc = 5A, Ip, = 0.5A 

Base Saturation Voltage (Note 2) 

^BE (sat) 

_ 

1.8 

V 

|^ = 10A, Ir = 1A 

Collector-Emitter Sustaining Voltage (Note 2) 


120 

— 

V 

Ic = 100mA, Rre = IOC 

Collector-Emitter Sustaining Voltage (Note 2) 

^CEO (sus) 

80 

— 

V 

\q = 100mA, Ip = 0 

Collector-Emitter Voltage (Note 2) 

B^CES 

120 



V 

1(1^ — 0.2/jA, Rre ~ ^ 

Emitter-Base Breakdown Voltage 

BVebo 

7 



V 

Ie^IOmA, Ic = 0 

Collector Cutoff Current 

*CES 

— 

0.2 

,»A 

Vce = 120V, Rre^O 

Collector Cutoff Current, 150°C 

*CES 

_ 

0.1 

mA 

Vce = 80, Rbe = 0, T = 150°C 

Collector Capacitance 

Bobo 

__ 

150 

Pf 

VcB = 10, Ie = 0, f=:lMHZ 

A.C. Current Gain 

hfe 

3 

— 

— 

Ic r= 0.5A, VcE = 5V f rr lOMHz 

o 4 . u- o j Turn-on Time 

Switching Speeds 

to., 

— 

100 

ns 

lc = 5A 

Turn-off Time 

tob: 

— 

700 

n s 

1^1 = 250ma 1^.. — 250ma 


Notes: 

1. The device may be switched between maximum rated collector current and maximum rated collector-emitter voltage along a resistive 
load line provided the switching time is less than 10 microseconds. Switching at low speed through regions of high instantaneous power 
dissipation may cause second breakdown to occur, with consequent damage to the device. 

2. Pulse width = 300/;s; duty cycle <2%. 

t All values in this table are JEDEC registered. 


Switching Speed Circuit 


+ 25V 
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POWER TRANSISTORS 

20 Amp, 80V, Planar NPN 


2N5658 

2N5659 


FEATURES 

• Collector-Base Voltage: up to 120V 

• Peak Collector Current: 20A 

• High Gain 

• Fast Switching 


DESCRIPTION 

Unitrode power transistors provide a 
unique combination of low saturation 
voltage, high gain and fast switching. They 
are ideally suited for power supply pulse 
amplifier and similar high efficiency power 
switching applications. 



ABSOLUTE MAXIMUM RATINGS 


Collector-Base Voltage, V^bq 

Collector-Emitter Voltage, Vceq 

Emitter-Base Voltage, Vggo 

Peak Collector Current, 1^ 

Power Dissipation 

100° C Case 

Operating and Storage Temperature Range 


120V 

80V 

7V 

20A 

30W 

-65°C to 200°C 


MECHANICAL SPECIFICATIONS 





4-37 


UNITRODE 




2N5658 2N5659 


Electrical Specifications (at 25°C unless noted)t 


Test 

Symbol 

Min. 

Max. 

Units 

Test Conditions 

D.C. Current Gain 

hfE 

40 

250 



Ic 0.5A, VcE = 2V 

D.C. Current Gain 

hpE 

50 

150 

— 

o 

II 

> 

o< 

II 

CJ1 

< 

O 

D.C. Current Gain 

^FE 

30 


— 

Ic = lOA, VcE = 5V (Note 1) 

Collector Saturation Voltage 

^CE (sat) 


.5 

V 

l^=z5A, Ib = 0.5A (Notel) 

Collector Saturation Voltage 

^CE (sat) 


1.0 

V 

Ic = lOA, Ib = lA (Note 1) 

Base Saturation Voltage 

^be (sat) 


1.3 

V 

lc = 5A, iB = 0.5A (Notel) 

Base Saturation Voltage 

''be (sat) 


1.8 

V 

!c = lOA, Ig = lA (Note 1) 

Collector-Emitter Breakdown Voltage 

BVcer 

120 


V 

Ic = 100mA, Rgg = ion 

Collector-Emitter Breakdown Voltage 

BVces 

120 


V 

Ic = 0.2 mA, Rg^ = 0 

Collector-Emitter Breakdown Voltage 

^^CEO 

80 


V 

lc=: 100mA, ig = 0 (Notel) 

Emitter-Base Breakdown Voltage 

BVebo 

7 


V 

o 

II 

_u 

< 

o 

II 

Collector Cutoff Current 

*CES 


0.2 


VcE = 120V, Rg, = 0 

Collector Cutoff Current, 150°C 

^CES 


0.1 

mA 

VcE = 80V, Rgg = 0, T = 150°C 

Collector Capacitance 

^obo 


150 

Pf 

X 

II 

o 

II 

> 

o 

rH 

II 

u 

> 

A.C. Current Gain 

hfe 

3 



Ic - 0.5A, VcE = 5V, f = lOMHz 

Turn-on Time 

ton 


150 

ns 

Ic - 5A 

Switching Speeds 

Turn-off Time 

toff 


800 

ns 

Ibi = 250mA Iu 2 = -250mA 






Note 2. 


Notes: 

1. Pulse width = 300/uS; duty cycle <2%. 

2. Measured in saturated switching speed circuit, 
t All values in this table are JEDEC registered. 


Switching Speed Circuit 


+ 25V 
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POWER TRANSISTORS 

2 Amp, 300V, Planar NPN 


JAN, JANTX, & JANTXV 2N5660 
JAN, JANTX, & JANTXV 2N5661 
JAN, JANTX, & JANTXV 2N5662 
JAN, JANTX, & JANTXV 2N5663 


FEATURES 

• Meets MIL-S-19500/454 

• Collector-Base Voltage: up to 400V 

• D.C. Collector Current; 5A 

• Peak Collector Current: lOA 

• Fast Switching 


DESCRIPTION 

Unitrode high voltage transistors provide 
a unique combination of low saturation 
voltage, fast switching, and excellent gain. 
They are ideally suited for off-line power 
supply designs and other applications 
where the Increased voltage rating adds 
to system reliability. 



ABSOLUTE MAXIMUM RATINGS 

Collector-Base Voltage, V^bq 

Collector-Emitter Voltage, Vceq 

Emitter-Base Voltage, V^bo 

D.C. Colleptor Current, Ic 

Peak Collector Current, 1^ 

Power Dissipation 

25°C Ambient 

100 °C Case 

Operating and Storage Temperature Range 


JAN, JANTX, 

JAN, JANTX, 

JAN, JANTX, 

JAN, JANTX, 

& JANTXV 

& JANTXV 

& JANTXV 

& JANTXV 

2N5660 

2N5661 

2N5662 

2N5663 

250V 

400V 

250V 

400V 

20OV 

300V 

200V 

300V 

6V 

6V 

6V 

6V 

2A 

2A 

2A 

2A 

5A 

5A 

5A 

5A 

. .. 2.0W 

2.0W 

1.2W 

1.2W 

20W 

20W 

15W 

15W 


-65°C to 200°C 


MECHANICAL SPECIFICATIONS 


JAN, JANTX, & JANTXV 2N5&60 JAN, JANTX, & JANTXV 2N5661 





INCHES 

MILLIMETERS 

A 

620 MAX. 

15.75 MAX. 

B 

050 - .075 

1.27 - 1.90 

C 

.250 - .340 

6.35 - 8.63 

D 

.360 MIN. 

9.14 MIN. 

E 

.028 - 034 DIA. 

.711 - .863 

F 

.958 - .962 

24.33 - 24.43 

G 

.570 - .590 

14.47 - 14.98 

H 

.145 MAX. RAD. 

3.68 MAX. RAD. 

J 

.142 - .152 DIA. 

3.60 - 3.86 DIA. 

K 

.350 MAX. RAD. 

8.89 MAX. RAD. 

L 

.190 - .210 

4.82 - 5.33 

M 

.093 - .107 

2.36 - 2.72 



JAN, JANTX, & JANTXV 2N5662 JAN, JANTX, & JANTXV 2N5663 



■ 

HHCHSODi 


a 

HSSSDHIi 

HQ^QII^I^QHIIIIII 

m 

IHSSEESHii 

IHDI^EQHH 

iQ 


HGEEBDIH 

ID 

DSSDSHHHI 

DDdBDHi 

D 

IIQQQ^JIIIIIIIIIHH 





p 


HEDHIHil 

P 

HESHHHIi 

HSEEHHHHI 

P 



P 

IKSSISHH 

IHBSSIEIHI 

D 

HDSDHHDI 
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JAN, JANTX, & JANTXV 2N5660 JAN, JANTX, & JANTXV 2N 5661 


ELECTRICAL SPECIFICATIONS (at 25°C . unless noted) JAN, JANTX, & JANTXV 2N5662 JAN, JANTX, & JANTXV 2N5663 

2N5660, 2N5662 


Test 

Symbol 

Min. 

Max. 

Units 

/454 

Sub 

group 

MIL-STD-750 


Test conditions 

Visual and mechanical 





A-1 

2071 

See Mechanical Data 

25°C 








Collector-Emitter Breakdown Voltage (Note 1) 

BVc..* 

250 

— 

Vdc 

A-2 

3011 

Ic = lOmAdc; Rbe = lOOfl; Cond. B 

Collector-Emitter Breakdown Voltage (Note 1) 

BVceo* 

200 

— 

Vdc 

A-2 

3011 

Ic = lOmAdc; Cond. D 

Emitter-Base Breakdown Voltage 

BV,30* 

6 

— 

Vdc 

A-2 

3026 

Ig = 10/fAdc; Cond. D 

Collector-Emitter Cutoff Current 

Ices* 

— 

0.2 

/uAdc 

A-2 

3041 

VcE = 200Vdc; Cond. C 

Collector-Base Cutoff Current 

^CBO 

— 

0.1 

juAdc 

A-2 

3036 

VcB = 200Vdc; Cond. D 

Collector-Base Cutoff Current 

^CBO 

— 

1.0 

mAdc 

A-2 

3036 

VcB = 250Vdc; Cond. D 

D.C. Current Gain (Note 1) 

h«* 

40 

— 

— 

A-3 

3076 

Ic = 50mAdc, VcE = 2Vdc 

D.C. Current Gain (Note 1) 

h«* 

40 

120 

— 

A-3 

3076 

Ic = 0.5Adc, VcE = 5Vdc 

D.C. Current Gain (Note 1) 

hpE* 

15 


— 

A-3 

3076 

Ic = lAdc, VcE = 5Vdc 

D.C. Current Gain (Note 1) 

hEE 

5 

— 

— 

A-3 

3076 

Ic = 2Adc, VcE = 5Vdc 

Collector Saturation Voltage (Note 1) 

VcE(sat)* 

— 

0.4 

Vdc 

A-3 

3071 

Ic = lAdc, Is = O.lAdc 

Collector Saturation Voltage (Note 1) 

1 

> 

— 

0.8 

Vdc 

A-3 

3071 

Ic 2Adc, U == 0.4Adc 

Base Saturation Voltage (Note 1) 

VBE(sat)* 

— 

1.2 

Vdc 

A-3 

3066 

Ic = lAdc, Ib =: O.lAdc; Cond. A 

Base Saturation Voltage (Note 1) 

VBE(sat) 

— 

1.5 

Vdc 

A-3 

3066 

Ic = 2Adc, Ib = 0.4Adc; Cond. A 

Gain-Bandwidth Product 

f.* 

20 

70 

MHz 

A-4 

3306 

Ic == O.lAdc, VcE = 5Vdc, f = lOMHz 

Output Capacitance 

c„. 

— 

45 

Pf 

A-4 

3236 

VcB = lOVdc, 1, = 0, f = IMHz 

Thermal Resistance 

ej_c 




C-1 

3151 


2N5660 


— 

5.0 

°C/W 




2N5662 


__ 

6.7 

°c/w 




Turn-on time 

ton* 


0.25 

liS 

A-4 

_ 

Ic = 0.5Adc 

Switching Speeds 








Turn-off time 

toff* 

— 

0.85 

fiS 1 

A-4 

— 


100°C 








Forward Biased Second Breakdown 








2N5660 

hja 

2 

— 

Adc 

B-6 

3051 

VcE = lOVdc, t = ISec 


U;. 

0.5 

— 

Adc 

B-6 

3051 

VcE =: 40Vdc, t ISec 


Is/b 

36 

— 

mAdc 

B-6 

3051 

VcE = 200Vdc, t = ISec 

2N5662 

^s/b 

2 

— 

Adc 

B-7 

3051 

VcE = 7.5 Vdc, t == ISec 



0.6 


Adc 

B-7 

3051 

VcE = 25Vdc, t = ISec 


'si. 

27 

— 

mAdc 

B-7 

3051 

VcE = 200Vdc, t = ISec 

Undamped Reverse Biased Second Breakdown 

Es/. 

0.2 

— 

mj 

B-8 1 

3053 

Ic = 2Adc, L = 0.1 mh 

Clamped Reverse Biased Second Breakdown 

E./. 

80 

- 

mj 

B-9 

3053 

Ic = 2Adc, L -= 40mh, Vcamp = 200V 

150°C 




■ 




Collctor-Emitter Cutoff Current 

Ices* 

- 





VcE = 200Vdc, Cond. C 

-65°C 




■ 




D.C. Current Gain (Note 1) 

hpE 

15 


■ 



Ic = 0.5Adc, VcE = 5Vdc 


Notes: 

1. Pulse width = SOOyuS; duty cycle <2%. 

* Those parameters marked with a * are JEDEC registered and devices meeting these specifications are available as commercial 2N devices. 
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JAN, JANTX, & JANTXV 2N5660 JAN, JANTX, & JANTXV 2N5661 


ELECTRICAL SPECIFICATIONS (at 25°C unless noted) JAN, JANTX, & JANTXV 2N5662 JAN, JANTX, & JANTXV 2N5663 

2N5661,2N5663 


Test 

Symbol 

Min. 

Max. 

Units 

/454 

Sub 

group 

MIL-STD-750 

Method 

Test conditions 

Visual and mechanical 





A-1 

2071 

See Mechanical Data 

25° C 








Collector-Emitter Breakdown Voltage (Note 1) 

BVc«* 

400 

— 

Vdc 

A-2 

3011 

1 ^ r= lOmAdc; Rgg = lOOfi; Cond. B 

Collector-Emitter Breakdown Voltage (Note 1) 

BVcho* 

300 

— 

Vdc 

A-2 

3011 

1 ^ cr lOmAdc; Cond. D 

Emitter-Base Breakdown Voltage 

BV,bo* 

6 

— 

Vdc 

A-2 

3026 

Ie = lO^uAdc; Cond. D 

Collector-Emitter Cutoff Current 

Ices 

— 

0.2 

Mdc 

A-2 

3041 

VcE = 300 Vdc; Cond. C 

Collector-Base Cutoff Current 

IcBo 

— 

0.1 

Mdc 

A-2 

3036 

VcB =: 300Vdc; Cond. D 

Collector-Base Cutoff Current 

IcBO 

— 

1.0 

mAdc 

A-2 

3036 

V ^3 = 400Vdc; Cond. D 

D.C. Current Gain (Note 1) 

Hee* 

25 

-— 

— 

A-3 

3076 

Ic 1 = 50mAdc, VcE = 2Vdc 

D.C. Current Gain (Note 1) 

hpE* 

25 

75 

__ 

A-3 

3076 

Ic = 0.5Adc, VcE = 5Vdc 

D.C. Current Gain (Note 1) 

hpE* 

15 

— 

— 

A-3 

3076 

Ic = lAdc, VcE = 5Vdc 

D.C. Current Gain (Note 1) 

hpE 

5 

— 

— 

A-3 

3076 

Ic = 2Adc, VcE = 5Vdc 

Collector Saturation Voltage (Note 1) 

VcE(sat)* 

— 

0.4 

Vdc 

A-3 

3071 

Ic = lAdc, Ib = O.lAdc 

Collector Saturation Voltage (Note 1) 

VcE(sat) 

— 

0.8 

Vdc 

A-3 

3071 

Ic = 2Adc, I 3 = 0.4Adc 

Base Saturation Voltage (Note 1) 

VBE(sat)* 

— 

1.2 

Vdc 

A-3 

3066 

Ic = lAdc, Ib = O.lAdc; Cond. A 

Base Saturation Voltage (Note 1) 

VBE(sat) 

— 

1.5 

Vdc 

A-3 

3066 

Ic = 2Adc, Ib 0.4Adc; Cond. A 

Gain-Bandwith Product 

ft* 

20 

70 

MHz 

A-4 

3306 

Ic = 0.2Adc, VcE = lOVdc, f =: lOMHz 

Output Capacitance 

Cob 

— 

45 

Pt 

A-4 

3236 

II 

0 

< 

Q. 

0 

II 

0 

II 

£ 

X 

N 

Thermal Resistance 

Dj— c 




C-1 

3151 


2N5661 


— 

5.0 

°c/w 




2N5663 


— 

6.7 

°c/w 




Turn-on time 

ton* 



0.25 

yws 

A-4 



Ic = 0.5Adc 

Switching Speeds 

tott* 

- 

0.85 

tJS 

A-4 

- 


100°C 








Forward Biased Second Breakdown 








2N5661 

*S/B 

2 

— 

Adc 

B -6 

3051 

VcB = lOVdc, t = ISec 


‘S/B 

0.5 

— 

Adc 

B -6 

3051 

Vc, = 40Vdc, t rr ISec 


U/B 

19 

— 

mAdc 

B -6 

3051 

VcE = 300Vdc, t = ISec 

2N5663 

U/B 

2 

— 

Adc 

B-7 

3051 

VcE = 7.5 Vdc, t = ISec 


*S/B 

0.6 

— 

Adc 

B-7 

3051 

VcB = 25Vdc, t = ISec 


U/B 

14 

— 

mAdc 

B-7 

3051 

VcB = 300Vdc, t = ISec 

Undamped Reverse Biased Second Breakdown 

Bs/b 

0.2 

— 

mj 

B -8 

3053 

Ic = 2Adc, L = 0.1 mh 

Clamped Reverse Biased Second Breakdown 

Bs/b 

80 

- 

mj 

B-9 

3053 

Ic = 2Adc, L = 40mh, Vdamp = 300V 

150°C 








Collector-Emitter Cutoff Current 

Ices 

- 

100 

jjMc 

A-5 

3041 

VcE = 300Vdc, Cond. C 

-65°C 








D.C. Current Gain (Note 1) 

hpE 

10 

— 

— 

A -6 

3076 

Ic = 0.5Adc, VcE = 5Vdc 


Notes: 

1. Pulse width = 300//S: duty cycle <2%. 

* Those parameters marked with a * are JEDEC registered and devices meeting these specifications are available as commercial 2N devices. 
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D.C. CURRENT GAIN ^ L — INDUCTANCE (millihenries) Ic - COLLECTOR CURRENT (A) 


JAN, JANTX, & JANTXV 2N5660 JAN, JANTX, & JANTXV 2N5661 
JAN, JANTX, & JANTXV 2N5662 JAN, JANTX, & JANTXV 2N5663 


Forward Bias 
Safe Operating Area 
2N5660, 2N5661 



1 2 5 10 20 50 100 200 300 

VcE - COLLECTOR TO EMITTER VOLTAGE (V) 


Forward Bias 
Safe Operating Area 
2N5662, 2N5663 



Undamped Reverse Bias 
Second Breakdown 



0 .5 1 1.5 2 


Ic — COLLECTOR CURRENT (A) 


Reverse Bias 
Safe Operating Area 
Clamped Inductive Switching 








T 

= 1 

00“C 































2 

M5660, 

1 ■ 

62- 

1 

— 






2 

1 

N5661, 

1 

63 — 

































“1 



1 2 5 10 20 50 100 200 300 


VcE — COLLECTOR-EMITTER VOLTAGE (V) 


D.C. Current Gain 
2N5660, 2N5662 



.01 .02 .05 .1 .2 .5 1 2 5 10 

Ic — COLLECTOR CURRENT (A) 


D.C. Current Gain 



.01 .02 .05 .1 .2 .5 1 2 5 10 

Ic — COLLECTOR CURRENT (A) 


UNITRODE CORPORATION • 5 FORBES ROAD 
LEXINGTON, MA 02173 • TEL. (617) 861-6540 
TWX (710) 326-6509 • TELEX 95-1064 


4-42 


PRINTED IN U.S.A. 








TIME (microseconds) 


JAN, JANTX, & JANTXV 2N5660 JAN, JANTX, & JANTXV 2N5661 
JAN, JANTX, & JANTXV 2N5662 JAN, JANTX, & JANTXV 2N5663 


Saturation Voltages 



.01 .02 .05 .1 .2 .5 1 2 5 10 

Ic — COLLECTOR CURRENT (A) 


Saturation Voltage 
Temperature Coefficients 



.01 .02 .05 .1 .2 .5 1 2 5 10 

Ic — COLLECTOR CURRENT (A) 



Switching Speed 
Characteristics 



.2 .5 12 

Ic — COLLECTOR CURRENT (A) 


Switching Speed 
Characteristics 



.2 .512 

Ic — COLLECTOR CURRENT (A) 


Switching Speed Circuits 


Thermal Response 



Tektronix 

Equivalent 


2N5661, 2N5663 
L,, L, = 25mA 






.01 .02 .05 .1 .2 .5 1 2 5 10 20 50 100 200 500 1000 

TIME (milliseconds) 
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POWER TRANSISTORS 

5 Amp, 300V, Planar NPN 


JAN, JANTX, & JANTXV 2N5664 
JAN, JANTX, & JANTXV 2N5665 
JAN, JANTX, & JANTXV 2N5666 
JAN, JANTX, & JANTXV 2N5667 


FEATURES 

• Meets MIL-S-19500/455 

• Collector-Base Voltage: up to 400V 

• D.C. Collector Current: 5A 

• Peak Collector Current: lOA 

• Fast Switching 


DESCRIPTION 

Unitrode high voltage transistors provide 
a unique combination of low saturation 
voltage, fast switching, and excellent gain, 
They are ideally suited for off-line power 
supply designs and other applications 
where the increased voltage rating adds 
to system reliability. 



JAN, JANTX, 

JAN, JANTX, 

JAN, JANTX, 

JAN, JANTX, 

ABSOLUTE MAXIMUM RATINGS 

& JANTXV 

& JANTXV 

& JANTXV 

& JANTXV 


2N5664 

2N5665 

2N5666 

2N5667 

Collector-Base Voltage, V^bq 

250V 

400V 

250V 

400V 

Collector-Emitter Voltage, V^eq 

200V 

300V 

200V 

300V 

Emitter-Base Voltage, V^go 

6V 

6V 

6V 

6V 

D.C. Collector Current, Iq 

5A 

5A 

5A 

5A 

Peak Collector Current, 1^ 

Power Dissipation 

lOA 

lOA 

lOA 

lOA 

25°C Ambient 

2.5W 

2.5W 

1.2W 

1.2W 

100°C Case 

30W 

30W 

15W 

15W 


Operating and Storage Temperature Range 65°C to 200°C 


MECHANICAL SPECIFICATIONS 


JAN, JANTX, & JANTXV 2N5664 JAN, JANTX, & JANTXV 2N5665 





INCHES 

MILLIMETERS 

A 

.620 MAX. 

15.75 MAX. 

B 

.050 - .075 

1.27 - 1.90 

c 

.250 - .340 

6 35 - 8.63 

D 

.360 MIN. 

9.14 MIN. 

E 

.028 - .034 DIA. 

.711 - .863 

F 

.958 - .962 

24.33 - 24.43 

G 

.570 - .590 

14.47 - 14.98 

H 

.145 MAX. RAD. 

3.68 MAX. RAD. 

J 

.142 - .152 DIA. 

3 60 - 3.86 DIA. 

K 

.350 MAX. RAD. 

8.89 MAX RAD. 

L 

190 - .210 

4.82 - 5 33 

M 

.093 - .107 

2.36 - 2.72 



JAN, JANTX, & JANTXV 2N5666 JAN, JANTX, & JANTXV 2N5667 




INCHES 

MILLIMETERS 

A 

335- 370 

8 51-9.40 


305- 335 

7 75-8 51 

T1 

240-.260 

6 09-6 60 

■51 

1 5 MIN 

38 10 MIN 

E 

.010- 030 

254-762 

F 

o 

oo 

oo 

439 ± 051 

432 ± 025 

~G~ 

200 

5 08 

H 

100 

2 54 

J 

031± 003 

787±,076 

K 

029- 045 

736-1 14 

L 

100 

2 54 





UNITRODE 
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JAN, JANTX, & JANTXV 2N5664 JAN, JANTX, & JANTXV 2N5666 


ELECTRICAL SPECIFICATIONS (at 25 C unless noted) JAN, JANTX, & JANTXV 2N5665 JAN, JANTX, & JANTXV 2N5667 

2N5664, 2N5BB6 







/455 

Sub 

group 

MIL-STD-750 

Test 

Symbol 

Mm. 

Max. 

Units 

Method 

Test conditions 

Visual and mechanical 





A-1 

2071 

See Mechanical Data 

25°C 








Collector-Emitter Breakdown Voltage (Note 1) 

BVc,.* 

250 

— 

Vdc 

A-2 

3011 

1,, = lOmAdc; Rj^ = 100 C, Cond. B 

Collector-Emitter Breakdown Voltage (Note 1 ) 

BVc,o* 

200 

— 

Vdc 

A-2 

3011 

1 ^ = lOmAdc; Cond. D 

Emitter-Base Breakdown Voltage 

BV * 

EBO 

6.0 

_ 

Vdc 

A-2 

3026 

Ig = 10//Adc; Cond. D 

Collector-Emitter Cutoff Current 

Ices 

— 

0.2 

/jAdc 

A-2 

3041 

VcE = 200Vdc: Cond. C 

Collector-Base Cutoff Current 

icBO 

__ 

0.1 

Mdc 

A-2 

3036 

V r= 200Vdc; Cond. D 

CB 

Collector-Base Cutoff Current 

1 

'CBO 

— 

1.0 

mAdc 

A-2 

3036 

V^^ = 250Vdc; Cond. D 

D.C. Current Gain (Note 1) 


40 

— 

— 

A-3 

3076 

1,, =: 0.5Adc. VcE = 2Vdc 

D.C. Current Gain (Note 1) 


40 

120 

— 

A-3 

3076 

1^ lAdc, V^, = 5Vdc 

D.C. Current Gain (Note 1) 


15 

— 

— 

A-3 

3076 

1 ^ = 3Adc, = 5Vdc 

D.C. Current Gain (Note 1) 

hEE 

5 

— 

— 

A-3 

3076 

1^ 5Adc, = 5Vdc 

Collector Saturation Voltage (Note 1) 

'^CE (sat)* 

— 

0.4 

Vdc 

A-3 

3071 

1 ^ = 3Adc, tg = 0.3Adc 

Collector Saturation Voltage (Note 1) 

^CE (sat) 

— 

1.0 

Vdc 

A-3 

3071 

l,, = 5Adc, l, = lAdc 

Base Saturation Voltage (Note 1) 

^BE (sat)* 

— 

1.2 

Vdc 

A-3 

3066 

U = 3Adc, Ij = 0.3Adc; Cond. A 

Base Saturation Voltage (Note 1) 

^be (sat) 

— 

1.5 

Vdc 

A-3 

3066 

1 ^ ^ 5Adc, I 3 = lAdc; Cond. A 

Gain-Bandwith Product 

fr* 

20 

70 

MHz 

A-4 

3306 

1^ = 0.5Adc, V^^ =:: 5Vdc, f == lOMHz 

Output Capacitance 

Cob 

— 

120 

pf 

A-4 

3236 

V ^3 = 10Vdc, 1^ = 0, f = lMHz 

Thermal Resistance 





c -1 

3151 


2N5664 


— 

3.3 

°C/W 




2N5666 


— 

6.7 

°c/w 

1 



Turn-on Time 

t^n* 


0.25 

AfS 

A-4 1 


1 =: lAdc 

Switching Speeds 





Turn-off Time 

to,* 

— 

1.5 

fJS 

A-4 1 

— 


100°C 





1 



Forward Biased Second Breakdown 

2N5664 

1 

S/B 

5 

_ 

Adc 

B -6 

3051 

VcE = 6 Vdc, t = Isec 


1 

S/B 

0.75 

— 

Adc 

B -6 

3051 

V,,. = 40Vdc, t = Isec 


's/B 

43 

— 

mAdc 

B-6 

3051 

V^, = 200Vdc, t = Isec 

2N5666 

l' 

S/B 

5 

— 

Adc 

B-7 

3051 

V^, r= 3Vdc, t = Isec 


1 

S/B 

0.4 

— 

Adc 

B-7 

3051 

V^^ = 37.5Vdc, t Isec 


1 

S/B 

27 

— 

mAdc 

B-7 

3051 

V^, = 200Vdc, t = Isec 

Undamped Reverse Biased Second Breakdown 

E 

s/B 

0.81 

— 

i 

mj 

B-8 , 

3053 

Ic = 5Adc, L = .065mh 

Clamped Reverse Biased Second Breakdown 


500 

- 

mj 

B-9 1 

1 

3053 

5Adc, L = 40mh, = 200V 

150“C 








Collector-Emitter Cutoff Current 

'CB 

- 

100 

1 

//Adc 

A-5 1 

1 

3041 

VcE = 200Vdc, Cond. C 

-65°C 








D.C. Current Gain (Note 1) 

h 

EE 

15 


1 

~ i 

A-6 

3076 

- lAdc, V^, = 5Vdc 


Notes: 

1. Pulse width = 300//S; duty cycle <2%. 

* Those parameters marked with a * are JEDEC registered and devices meeting these specifications are available as commercial 2N devices. 


UNITRODE CORPORATION • 5 FORBES ROAD 
LEXINGTON, MA 02173 • TEL. (617) 861-6540 
TWX (710) 326-6509 • TELEX 95-1064 


4-45 


PRINTED IN U.S.A. 




JAN, JANTX, & JANTXV 2N5664 JAN, JANTX, & JANTXV 2N5666 
ELECTRICAL SPECIFICATIONS (at 25°C unless noted) -^^N, JANTX, & JANTXV 2N 5665 JAN, JANTX, & JANTXV 2N5667 


2N5665, 2N5667 







/455 

Sub 

group 

MlL-STD-750 1 

Test 

Symbol 

Min. 

Max. 

Units 

Method 

Test conditions 

Visual and mechanical 





A-1 

2071 

See Mechanical Data 

25°C 








Collector-Emitter Breakdown Voltage (Note 1) 

BVc,.* 

400 

— 

Vdc 

A-2 

3011 

= lOmAdc; Rgg =: 100 Cond. B 

Collector-Emitter Breakdown Voltage (Note 1) 

BVco^ 

300 

— 

Vdc 

A-2 

3011 

Ij, — lOmAdc; Cond. D 

Emitter-Base Breakdown Voltage 

BV,bo* 

6 

— 

Vdc 

A-2 

3026 

Ig r= lO/tAdc; Cond. D 

Collector-Emitter Cutoff Current 

'css 

— 

0.2 

//Adc 

A-2 

3041 

VcE = 300 Vdc; Cond. C 

Collector-Base Cutoff Current 

^CBC 

— 

0.1 

/uAdc 

A-2 

3036 

V ^3 = 300Vdc; Cond. D 

Collector-Base Cutoff Current 

^CBO 

— 

1.0 

mAdc 

A-2 

3036 

V^j = 400Vdc; Cond. D 

D.C. Current Gain (Note 1) 


25 

— 

— 

A-3 

3076 

Ic = 0.5Adc, VcE = 2Vdc 

D.C. Current Gain (Note 1) 


25 

75 

_ 

A-3 

3076 

lc=:lAdc, V^^zr 5Vdc 

D.C. Current Gain (Note 1) 

h.B* 

15 

— 

— 

A-3 

3076 

Ic = 3Adc, VcE = lOVdc 

D.C. Current Gain (Note 1) 


5 

— 

— 

A-3 

3076 

Ic = 5Adc, V^^ = 5Vdc 

Collector Saturation Voltage (Note 1) 

VcE (sat)* 

— 

0.4 

Vdc 

A-3 

3071 

lc = 3Adc, l, = 0.6Adc 

Collector Saturation Voltage (Note 1) 

^cE (sat) 

— 

1.0 

Vdc 

A-3 

3071 

lc = 5Adc, 1, = lAdc 

Base Saturation Voltage (Note 1) 

^be (sat)* 

— 

1.2 

Vdc 

A-3 

3066 

1^ = 3Adc, Ig 1 = 0.6Adc; Cond. A 

Base Saturation Voltage (Note 1) 

'^be (sat) 

— 

1.5 

Vdc 

A-3 

3066 

1^ = 5Adc, Ig = lAdc; Cond. A 

Gain-Bandwith Product 


20 

70 

MHz 

A-4 

3306 

Ic = 0.5Adc, Vcg = 5Vdc, f = lOMHz 

Output Capacitance 

Cob 

— 

90 

pf 

A-4 

3236 

VcB=10Vdc, lg = 0, f =:lMHz 

Thermal Resistance 

O.-c 




C-1 

3151 


2N5665 


— 

3.3 

°C/W 




2N5667 


— 

6.7 

°C/W 




« « . Turn-on time 

t^„* 


0.25 

fJS 

A-4 ' 


1 =lAdc 

Switching Speeds 




C 

Turn-off time 

t * 

off 

— 

2.0 

fiS 

A-4 

— 


100°C 








Forward Biased Second Breakdown 

2N5665 

'S/B 

5 

1 

Adc 

B-6 

3051 

V^g = 6Vdc, t = Isec 


'S/B 

0.75 

1 

Adc 

B-6 

3051 

Vg,g = 40Vdc, t = 1 sec 


‘s/B 

21 

— 

mAdc 

B-6 

3051 

Vg,g :== 300Vdc, t = Isec 

2N5667 

S/B 

5 

— 

Adc 

B-7 

3051 

Vg,g 3Vdc, t = Isec 


's/B 

0.4 

— 

Adc 

B-7 

3051 

Vg,g = 37.5Vdc, t = Isec 


's/B 

14 

— 

mAdc 

B-7 

3051 

V^g = 300Vdc, t == Isec 

Undamped Reverse Biased Second Breakdown 

Ev. 

0.81 

— 

mj 

B-8 

3053 

Ic = 5Adc, L = .065mh 

Clamped Reverse Biased Second Breakdown 

Es,. 

500 

-- 

mj 

B-9 

3053 

Ic - 5Adc, L = 40mh, = 300V 

150°C 








Collector-Emitter Cutoff Current 

I=. 

- 

100 

/uAdc 

A-5 

3041 

VcE = 300 Vdc, Cond. C 

-65°C 








D.C. Current Gain (Note 1) 


10 

- 

- 

A-6 

3076 

1 = lAdc, V,, = 5Vdc 

C CE 


Notes: 

1. Pulse width = SOO/jS; duty cycle <2%. 

* Those parameters marked with a * are JEDEC registered and devices meeting these specifications are available as commercial 2N devices. 
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D.C. CURRENT GAIN ^ L — INDUCTANCE (milliHenries) Ic — COLLECTOR CURRENT (A) 


JAN, JANTX, & JANTXV 2N5664 JAN, JANTX, & JANTXV 2N5666 
JAN, JANTX, & JANTXV 2N5665 JAN, JANTX, & JANTXV 2N5667 


Forward Bias 
Safe Operating Area 
2N5664. 2N5665 



1 2 5 10 20 50 100 200 300 


VcE - COLLECTOR TO EMITTER VOLTAGE (V) 


Forward Bias 
Safe Operating Area 
2N5666, 2N5667 



1 2 5 10 20 50 100 200 300 

VcE - COLLECTOR TO EMITTER VOLTAGE (V) 



Undamped Reverse Bias 
Second Breakdown 



0 1 2 3 4 5 

1^ — COLLECTOR CURRENT (A) 


Reverse Bias 
Safe Operating Area 
Clamped Inductive Switching 
































— 

N5664 

66 - 

— 







N5665, 

1 

67 

























1 

1 








— 1 

j 










1 2 5 10 20 50 100 200 300 

— COLLECTOR VOLTAGE (V) 


D.C. Current Gain 
2N5664, 2N5666 



.01 .02 .05 .1 .2 .5 1 2 5 10 

Ic — COLLECTOR CURRENT (A) 


D.C. Current Gain 
2N5665, 2N5667 



.01 .02 .05 .1 .2 .5 1 2 5 10 

Ic — COLLECTOR CURRENT (A) 
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JAN, JANTX, & JANTXV 2N5664 JAN, JANTX, & JANTXV 2N5666 
JAN, JANTX, & JANTXV 2N5665 JAN, JANTX, & JANTXV 2N5667 


Saturation Voltages 



.01 .02 .05 .1 .2 .5 1 2 5 10 


Ic — COLLECTOR CURRENT (A) 


Switching Speed 
Characteristics 



.5 12 5 

Ic — COLLECTOR CURRENT (A) 


Switching Speed Circuits 


+100V 



Tektronix 
541A or 
Equivalent 


+ 100V 



Tektronix 
541A or 
Equivalent 
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Saturation Voltage 
Temperature Coefficients 



■ ■ • 

.01 .02 .05 .1 .2 .5 1 2 5 10 

Ic — COLLECTOR CURRENT (A) 


Switching Speed 
Characteristics 



.5 12 5 

Ic — COLLECTOR CURRENT (A) 


Thermal Response 



TIME (milliseconds) 
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POWER TRANSISTORS 

30A, 150V, Fast Switching, 
Silicon NPN Mesa 


2N5671 

2N5672 


FEATURES 


• Collector-Base Voltage: up to 150V 

• DC Collector Current = 30A 

• Low VcE is^Tj = 0.75V Max. 


DESCRIPTION 

These glass passivated power transistors 
combine fast-switching, low saturation 
voltage and rugged Eg/b capability. 

They are designed for use in switching 
regulators, converters, inverters and 
switching-control amplifiers. 



ABSOLUTE MAXIMUM RATINGS « 

* Collector-to-Base Voltage, Vcbo 

Collector-Emitter Sustaining Voltage, Vcex(sus) 

^CER (SUSl 
^CEO |SUS) 

* Emitter-Base Voltage, Vgeo 

* Collector Current, Iq continuous 

* Base Current, Ig continuous 

* Power Dissipation, 25°C Case 

* Operating and Storage Temperature Range 


2N5671 

2N5672 

...120V 

150V 

.. 120V 

150V 

. IIOV 

MOV 

....90V 

120V 

7V 

7V 

30A 

30A 

lOA 

lOA 

..MOW 

MOW 


-65 to 200°C. 


* JEDEC registered values. 


MECHANICAL SPECIFICATIONS 


NOTE: 

Leads may be soldered to within 
Vie" of base provided temperature- 
time exposure is less than 260°C 
for 10 seconds. 


A +- 



2NS671 -2N5S72 



ins. 

mm. 

A 

875 MAX 

22.23 MAX. 

B 

.135 MAX. 

3 43 MAX. 

C 

.250-.450 

6.35-1143 

D 

312 MIN. 

7 92 MIN. 

E 

.038- 043 DIA 

0.97-1.09 DIA. 

F 

188 MAX. RAD 

4.78 MAX. RAD. 

G 

1.177-1.197 

29 90-30 40 

H 

655-.675 

16.64-17 15 

J 

205- 225 

5.21-5 72 

K 

.420- 440 

10.67-11 18 

L 

525 MAX. RAD 

13.34 MAX. RAD 

M 

151- 161 DIA. 

3.84-4.09 DIA. 



y 


UNITRODE 


6-79 
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2N5671 2N5672 


ELECTRICAL SPECIFICATIONS (at 25°C unless noted) 





2N5671 

2N5672 




Test 

Symbol 

MIN. 

MAX. 

MIN. 

MAX. 

Units 

Test Conditions 

* 

D.C. Current Gain (Note 1) 

hpE 

20 

100 

20 

100 


Ic = 15A,Vce = 2V 


D.C. Current Gain (Note 1) 

hpE 

20 

— 

20 

— 


1c = 20A,Vce = 5V 

* 

Collector Saturation Voltage 
(Note 1) 

VcE (sat) 

- 

0.75 

— 

0.75 

V 

Ic = 15A, Ib = 1.2A 

* 

Base Saturation Voltage (Note 1) 

^BE (sat) 

- 

1.5 

- 

1.5 

V 

1c = 15A,Ib = 1-2A 


Base to Emitter Voltage (Note 1) 

^BE 

- 

1.6 


1.6 

— \r~ 

V 

Ic = 15A,Vce = 5V 

* 

Collector-Emitter Sustaining 
Voltage (Note 2) 

VcEO (sus) 

90 

~ 

— 

120 

— 

V 

Ic = 0.2A, Ib = 0 

* 

Collector-Emitter Sustaining 
Voltage (Note 2) 

^CEX (sus) 

120 


150 

— 

V 

lc = 0.2A 

V,e = -1.5V 
l, = 0 


Collector-Emitter Sustaining 
Voltage (Note 2) 

VcER (sus) 

no 

- 

140 

- 

V 

Rbe = 500, Ic = 0.2A 

•k 

Emitter-Cutoff Current 

'ebo 

— 

10 

_ 

10 

— 

mA 

V„ = 7.0V 


Collector Cutoff Current 

*CEO 

— 

10 

— 

10 

mA~ 

Vce = 80V 





12 




Vce = 110V,V,e = -1.5V 

* 

Collector Cutoff Current 

*CEV 

— 

— 

10 

mA 

VcE = 135V, Vbe = -1.5V 





15 


10 


VcE = lOOV, Vbe = -1.5V, 

Tc = 150°C 


Magnitude of Small 

Signal Forward — 

Current Transfer 

Ratio 

hfe 

10 

- 

10 

— 


VcE = lOV, Ic = 2A, f = 5MHz 


Collector Capacitance 

^ob 

— 

900 

— 

900 

PF 

VcB = lOV, f = 1 MHz 

* 

Second Breakdown Energy 

Es/b 

20 

! 

20 

— 

mJ 

Vbe = 4V, Ic = 15A 

Rbe = 200, L = ISO^H 


Forward Bias 

Second Breakdown 

Collector Current 

Is/b 

5.8 


5.8 


1 

VcE = 24V, t = Is, non-rep. 


0.9 

— 

0.9 

— 

A 

VcE = 45V, t = Is, non-rep. 


Switching Speeds: 

Turn-on Time 
(Delay + Rise) 

ton 

- 

0.5 

- 

0.5 

fiS 

Ic = 15A 

Ibi — U 2 — 

Vcc = 30V 


Storage Time 

ts 

_ 

1.5 

— 

1.5 

/xS 


Fall Time 

tf 

— 

0.5 

- 

0.5 

/iS 



Thermal Resistance: 
Junction-to-Case 

^ejc 

— 

1.25 

- 

1.25 

°c/w 

VcE = 40V, Ic = 0.5A 


Notes: 

1. Pulse width = 250//S; duty cycle <1%. 

2. Sustaining Voltage. Measured at a high current point where collector-emitter voltage is lowest. Current pulse length = 50/uS; duty cycle < 1%. 
Voltage clamped at maximum collector-emitter voltage. 

* JEDEC registered values. 
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SATURATION VOLTAGE (V) 


2N5671 2N5672 



2 5 10 20 50 100 200 


VcE — COLLECTOR VOLTAGE (V) 


Power Derating 



0 40 80 120 160 200 


Tc — CASE TEMPERATURE (X) 



0.2 0.5 1 2 5 10 20 

Ic — COLLECTOR CURRENT (A) 




.3 .5 1 2 5 10 20 30 

Ic — COLLECTOR CURRENT (A) 


0.2 0.5 1 2 5 10 20 

Ic — COLLECTOR CURRENT (A) 
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2N5671 2N5672 



0.2 0.5 1 2 5 10 20 

Ic — COLLECTOR CURRENT (A) 


Switching Time Test Circuit 
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2N5838 

2N5839 

2N5840 


POWER TRANSISTORS 

3A, 375V 

Silicon NPN Mesa 


FEATURES 

• Collector-Base Voltage: up to 375V 

• Peak Collector Current: 5A 

• Low Saturation Voltage 

• High Second Breakdown Energy 


DESCRIPTION 

These high voltage glass passivated power 
transistors combine fast switching, low 
saturation voltage and rugged Ej/b capability. 
They are designed for use in off-line power 
supplies, high voltage inverters, switching 
regulators, ignition systems and deflection 
circuits. 



ABSOLUTE MAXIMUM RATINGS * 

Collector-Base Voltage, Vcbq 

Collector-Emitter Voltage, Vce© 

Emitter-Base Voltage, V^bq 

Collector Current, Ic continuous 

Collector Current, I^m, peak 

Base Current, Ib^ continuous 

Power Dissipation, P^ 25°C Case 

Operating and Storage Temperature Range 

* JEDEC registered values. 


2N5838 

2N5839 

2N5840 

275V 

300V 

375V 

250V 

275V 

350V 

6V 

6V 

6V 

3A 

3A 

3A 

5A 

5A 

5A 

1.5A 

1.5A 

1.5A 

lOOW 

lOOW 

lOOW 


-65 to +200°C 


MECHANICAL SPECIFICATIONS 


NOTE: 


Leads may be soldered to within 
Vie" of base provided temperature- 
time exposure is less than 260°C 
for 10 seconds. 




ins. 

mm. 

A 

875 MAX. 

22.23 MAX. 

8 

.135 MAX. 

3.43 MAX. 

”c1 

.250-.450 

6.35-11.43 

D 

.312 MIN 

7.92 MIN 

E 

0.057-0.063 DIA. 

1.45-1.60 DIA. 

_L, 

188 MAX. RAD 

4.78 MAX RAD 

111 

1 177-1 197 

29.90-30.40 


655-675 

16.64-17.15 

3 

.205- 225 

5.21-5 72 

K\ 

420- .440 

10.67-11 18 

L 

525 MAX. RAD 

13 34 MAX RAD. 

M 1 

.151- 161 DIA. 

3.84-4 09 DIA 



y 


UNITRODE 
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ELECTRICAL SPECIFICATIONS (at 25°C unless noted) 


2N5838 2N5839 2N5840 




2N5838 

2N5839 

2N5840 



Test 

Symbol 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

Units 

Test Conditions 

D.C. Current Gain (Note 1) 



— 


— 

IQI 

— 


Ic = 0.5A,Vce = 5V 

D.C. Current Gain (Note 1) 

hpE 

— 

— 

m 


mm 



Ic = 2A,Vce = 3V 

D.C. Current Gain (Note 1) 

hpE 

8 

40 





V 

lcrz3A.VcE = 2V 

Collector Saturation Voltage 
(Note 1) 

^CE (sat) 

- 

- 

m 


m 


V 

lc = 2A, Ib = 0.2A 

Collector Saturation Voltage 
(Note 1) 

^CE (sat) 

- 

1.0 

- 

- 

- 

- 

V 

lc = 3A, l8 = 0.375A 

Base Saturation Voltage (Note 1) 

^BE (sat) 

— 

— 

— 


— 


V 

lc = 2A, Ib = 0.2A 

Base Saturation Voltage (Note 1) 

^BE (sat) 

— 

2.0 


— 

— 

— 

V 

lc = 3A, Ib = 0.375A 

Collector-Emitter Sustaining 
Voltage (Note 2) 

VcEO (SUS) 

250 

- 


- 

350 

- 

V 

lc = 200mA, Ib = 0 

Collector-Emitter Sustaining 
Voltage 

VCEX 

275 

- 

300 

- 

375 

- 

V 

Ic = 0.1A,Vbe = -1.5V, 

L = lOmH 

Emitter-Base Cutoff Current 

*EBO 

- 

1.0 

- 

1.0 

- 

1.0 

mA 

Ve8 = 6V 





2.0 











VcE = 200V 

Collector Cutoff Current 

1 



















— 

— 

— 

2.0 

— 

2.0 

mA 

VcE = 250V 



— 

5.0 

— 

— 

— 

— 


Vce = 265V 

Collector Cutoff Current 

^CEV 

— 

— 

— 

2.0 

_ 

— 

mA 

> 

ir> 

r-5 

1 

11 

>“ 

> 

CD 

cr> 

CM 

II 

o 

> 



- 

- 

- 

- 

- 

2.0 


VcE = 360V 




8.0 

— 

— 

B 

B 



Collector Cutoff Current, 150°C 

IcEV 

— 

— 

— 

5!o 

B 

H 





— 

- 

- 

- 

B 




Forward Bias Second Breakdown 

Is/b 

— 

2.5A 

— 

2.5A 




VcE = 40V, tp =: 1 Sec. 

Second Breakdown Energy 

Es/b 

0.45 

— 

0.45 

— 


— 


Rbe = 5012, L = 100/zH 

Collector Capacitance 

^ob 

— 

150 

— 

150 



pF 

Vcb = 10V, lE=:0,f = 1 MHz 

Small Signal High Frequency 

Gain 

hf. 

5 


5 

- 

■ 

- 

MHz 


Switching Speeds: 

t^ 




0.7 


0.7 



Delay Time 








/llS 

Ib, = Ib2 = (0.2A) I 

td 


0.6 



■ 

g 










H 









1.5 

■ 




Rise Time 

tr 


— 


H 





t, 


1.5 

■ 

■ 

H 

■ 











3.0 


Ic = 2A, VcE = 200V,‘ 


t, 





— 

3.75 

— 


Storage Time 

ts 

— 

3.0 

— 

— 

— 

— 

IxS 

Ib, = Ib2 = (0.2A) 

lc=:3A, Vce = 200V, 

Ib, = Ib2 = (.375A) 






1.5 


1.5 


Ic = 2A, VcE = 200V, 

Fall Time 

tf 





fiS 



Ib, = Ib2=:(0.2A) 

tf 

- 

1.5 

- 

- 

- 

- 

Ic = 3A, VcE = 200V, 

Ib, = Ib2 = {.375A) 



Thermal Resistance 

R0JC 

- 

1.75 

— 

1.75 

— 

1.75 

°c/w 



Notes: 

1. Pulse width = 250 a<S: duty cycle <1%. 

2. Sustaining Voltage. Measured at a high current point where collector-emitter voltage is lowest. Current pulse length = 50/iS: duty cycle < 1%. 
Voltage clamped at maximum collector-emitter voltage. 

* JEDEC registered values. 
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D.C. CURRENT GAIN Ic — COLLECTOR CURRENT (A) 


2N5838 2N5839 2N5840 


Forward Bias Safe Operating Area 


Power Derating 



.1 Li— l I I I 1 — L I 1 i 1 1 1 1 I — I 

5 10 20 50 100 200 500 



0 40 80 120 160 200 



VcE — COLLECTOR VOLTAGE (V) 


\ — CASE TEMPERATURE (“C) 



.05 0.1 0.2 0.5 1 2 5 

Ic — COLLECTOR CURRENT (A) 


Saturation Voltages 



.05 0.1 0.2 0.5 1 2 5 

Ic — COLLECTOR CURRENT (A) 


UNITRODE CORPORATION • 5 FORBES ROAD 
LEXINGTON, MA 02173 • TEL. (617) 861-6540 
TWX (710) 326-6509 • TELEX 95-1064 


4-55 


PRINTED IN U.S.A. 








TIME (ris) 


2N5838 2N5839 2N5840 




0.5 1 2 5 

10 

0.1 

0.2 0.5 1 2 

Ic — COLLECTOR CURRENT (A) 



Ic — COLLECTOR CURRENT (A) 


Switching Time Test Circuit 
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POWER TRANSISTORS 

lOA, 450V, Fast Switching, 
Silicon NPN Mesa 


2N6249 

2N6250 

2N6251 


FEATURES 

• Collector-Base Voltage: up to 450V 

• Peak Collector Current: 30A 

• Low Saturation Voltage 

• Maximum Safe Area of Operation 


DESCRIPTION 

These high voltage glass passivated power 
transistors combine fast switching, low 
saturation voltage and rugged Eg/b capability. 
They are designed for use in off-line power 
supplies, high voltage inverters, switching 
regulators, ignition systems and deflection 
circuits. 


ABSOLUTE MAXIMUM RATINGS 





2N6249 

2N6250 

2N6251 

Collector-Base Voltage, Vcbo 

300V 

375V 

450V 

Collector-Emitter Voltage, Vceo 

200V 

275V 

350V 

Emitter-Base Voltage, V^bq 

6V 

6V 

6V 

Collector Current, l^ continuous 

lOA 

lOA 

lOA 

Collector Current, l^,^ peak 

30A 

30 A 

20A 

Base Current, Ig continuous 

lOA 

. lOA 

lOA 

Power Dissipation, P^ 25'’C Case 

175W 

175W 

175W 

Operating and Storage Temperature Range 


...-65 to +200°C 



* JEDEC registered values. 


MECHANICAL SPECIFICATIONS 


NOTE: 

Leads may be soldered to within 
i/ie" of base provided temperature- 
time exposure is less than 260°C 
for 10 seconds. 



2N6249-2N6251 



ins. 

mm. 

A 

875 MAX 

22 23 MAX 

B 

135 MAX 

3 43 MAX 

C 

250- 450 

6 35-11 43 

D 

312 MIN 

7 92 MIN 

E 

038- 043 DIA 

0 97-1 09 DIA 

F 

188 MAX RAD 

4 78 MAX RAD 

G 

1 177-1 197 

29 90-30 40 

H 

655-.675 

16 64-17 15 

J 

205- 225 

5 21-5 72 

K 

420- 440 

10 67-11 18 

L 

525 MAX RAD 

13 34 MAX RAD 

M 

151- 161 DIA 

3 84-4 09 DIA 
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2N6249 2N6250 2N6251 


ELECTRICAL SPECIFICATIONS (at 25°C unless noted) 


Test 

Symbol 

2N6249 

2N6250 

2N6251 

Units 

Test Conditions 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

D.C. Current Gain (Note 1) 

hpE 

10 

50 

8 

50 

6 

50 


Ic = lOA, VcE = 3.0V 

Collector Saturation Voltage 
(Note 1) 

^CE (sat) 

- 

1.5 

- 

1.5 

- 

1.5 

V 

lc = 10A 

Ib = 1.0A (2N6249) 

Ib = 1.25A (2N6250) 

Ib = 1.67A (2N6251) 

Base Saturation Voltage (Note 1) 

Veeisat) 

— 

2.25 

— 

2.25 

— 

2.25 

V 

Collector-Emitter Sustaining 
Voltage (Note 2) 

VcEO (sus) 

200 


275 

- 

350 

- 

V 

lc = 200mA 

Collector-Emitter Sustaining 
Voltage (Note 2) 

VcEX (sus) 

225 

- 

300 

- 

375 

- 

V 

Ic = 200mA, Rbe = son 

L = 14mH 

Emitter Base Cutoff Current 

Iebo 

— 

1.0 

— 

1.0 

— 

1.0 

mA 

V„ = 6V 

Collector Cutoff Current 

^CEO 

- 

5.0 

- 

5.0 

- 

5.0 

mA 

VcE = 50V less than rated 

VcEO (SUS) 

Collector Cutoff Current 

IcEV 

— 

5.0 

- 

5.0 

- 

5.0 

mA 

V„ = -1.5V 

VcE — rated Vqer (sus) 

Collector Cutoff Current, 125° 

IcEV 


10 

— 

10 

— 

10 

mA 

Second Breakdown Energy 

Es/b 


2.5 

- 

2.5 

- 

2.5 

mJ 

Ic = lOA, L = 50 mH 

Rbe = 50n, Vbe (off) = — 4V 

Forward Bias Second Breakdown 

Is/b 

5.8 

0.3 



5.8 

0.3 

— • 

5.8 

0.3 

— 

A 

§1 
CO rH 

II II 

o o 
> > 

Thermal Resistance 

R©jc 


1.0 

— 

1.0 


1.0 

°C/W 

VcE = 10V, lc = 5A 

High Frequency Gain 

IHfeI 

2.5 

- 

2.5 


2.5 

- 


lc = lA,VcE = 10V,f = 1IVIH2 

Switching Speeds: 

Rise Time 


0.8 i 

2.0 

0.8 

2.0 

0.8 

2.0 

fiS 

lc = 10A 

Ib, = Ib2 = 1.0A (2N6249) 

Ib, = Ib2 = 1.25A (2N6250) 

Ib, = Ib2 = 1-67A (2N6251) 

Storage Time 

t. 

1.8 

3.5 

1.8 

3.5 

1.8 

3.5 

f^all Time 

tf 

0.5 

1.0 

0.5 

1.0 

0.5 

1.0 


Notes: 

1. Pulse width - 250//S; duty cycle <1%. 

2. Sustaining Voltage. Measured at a high current point where collector-emitter voltage is lowest. Current pulse length = bOfjS; duty cycle < 1%. 
Voltage clamped at maximum collector-emitter voltage. 

* JEDEC registered values. 
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2N6249 2N6250 2N6251 


Power Derating 


Forward Bias Safe Operating Area 


AT DESIRED OPERATING VOLTAGE, DERATE DISSIPA 
TION CURRENT LIMIT AND Ij ^ CURRENT LIMIT FROM ■ 
li’C SOAR CURVE 

DASH LINES ON SOAR CURVES ARE EXTENSIONS OF 
DISSIPATION LIMITS FOR TEMPERATURE DERATING 
PURPOSES I I I I 


40 80 120 160 

Tj. — CASE TEMPERATURE (“C) 



n 


□ 




n 

D.( 





n 

1 







— 

^ower 

Dissipation 

Limited 

L 1 1 


's 

L 

1 

mited^ 

1 
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VcE — COLLECTOR VOLTAGE (V) 


Reverse Biased Safe Operating Area 


Saturation Voltages 



50 100 200 500 1000 

CEX (sus) — COLLECTOR VOLTAGE (V) 

DC Current Gain 
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~ 

□ 
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5= 
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-COLLECTOR CURRENT (A) 
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Inductive Load 
Switching Performance 



!c — COLLECTOR CURRENT (A) 
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TIME (ns) 


2N6249 2N6250 2N6251 


Resistive Turn-On Time 




.2 .5 1 2 5 10 20 

Ic — COLLECTOR CURRENT (A) 


Switching Time Test Circuit 
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POWER TRANSISTORS 

8 Amp, 700V, 

Triple Diffused NPN Mesa 


JAN, 

JAN, 


JANTX, 

JANTX, 


& JANTXV 
& JANTXV 


2N6306 
2 N 6307 
2N6308 


FEATURES 

• Collector-Base Voltage: up to 700V 

• Peak Collector Current: 16A 

• Rise Time: < 600ns > 

• Fall Time: < 400ns f @ '<= = 3A 

• JAN, JANTX, & JANTXV available in 

• 2N6306 and 2N6308 


DESCRIPTION 

These high voltage triple diffused glass 
passivated power transistors combine fast 
switching, low saturation voltage and rugged 
Es/b capability. They are designed for use in 
off-line power supplies, high voltage inverters, 
switching regulators, ignition systems and 
deflection circuits. 



ABSOLUTE MAXIMUM RATINGS* 

Collector-Base Voltage, V^bq 

Collector-Emitter Voltage, V^eq 
E mitter-Base Voltage, V^bq 
C ollector Current, 1^ continuous . 

Collector Current, peak 
Base Current, Ig continuous 
Power Dissipation, Pj 25°C Case 
Operating and Storage Temperature Range 
* JEDEC registered values. 


JAN, JANTX, 

& JANTXV 


JAN, JANTX, 
& JANTXV 

2N6306 

2N6307 

2N6308 

500V.. . 

.... 600V. .. 

700V 

250V. . 

300V 

350V 

... 8V.. . 

8V 

8V 

8A 

8A . 

8A 

16A .. . 

16A. . . . 

16A 

. 4A . 

4A 

4A 

. 125W 

125W 

.-65 to +200°C 

125W 


MECHANICAL SPECIFICATIONS 


NOTE: 

Leads may be soldered to within 
Vie" of base provided temperature- 
time exposure is less than 260°C 
for 10 seconds. 



JAN, JANTX, & JANTXV 2N6306 
2N6307 

JAN, JANTX, & JANTXV 2N6308 



ins. 

mm. 

T1 

.875 MAX 

22 23 MAX. 


135 MAX. 

3.43 MAX 

c 

250-.450 

6.35-11.43 


.312 MIN 

7.92 MIN. 


038- 043 DIA. 

0.97-1.09 DIA. 

F 

188 MAX RAD. 

4 78 MAX. RAD. 


1.177-1.197 

29 90-30 40 

Ti 

655- 675 

16.64-17.15 


205- 225 

5.21-5.72 


.420- 440 

10 67-11.18 

L 

.525 MAX RAD 

13 34 MAX. RAD. 

IT] 

.151-161 DIA 

3.84-4.09 DIA. 
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JAN, JANTX, & JANTXV 2N6306 
2N6307 

JAN, JANTX, & JANTXV 2N6308 


ELECTRICAL SPECIFICATIONS (at 25°C unless noted)* 




J, JTX, JTXV 2N6306 | 2N6307 | J, JTX, JTXV 2N6308 



Test 

Symbol 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

Units 

Test Conditions 

D.C. Current Gain (Note 1) 

hpE 

15 

75 

15 

75 

12 

60 


le = 3A,VcE = 5V 

D.C. Current Gain (Note 1) 

hfE 

4 

— 

4 

— 

3 

— 


Ic = 8A,Vce = 5V 

Collector Saturation Voltage 
(Note 1) 

^CE (sat) 

- 

0.8 


1.0 

- 

1.5 

V 

Ic = 3A, Ig z= 0.6A 

Collector Saturation Voltage 
(Note 1) 

''^CE (sat) 

- 

5.0 

- 

5.0 

- 

- 

V 

lc = 8A, Ib = 2A 

Collector Saturation Voltage 
(Note 1) 

^CE (sat) 

- 

- 

- 

- 

- 

5.0 

V 

Ic = 8A, Ib = 2.67A 

Base Saturation Voltage (Note 1) 

^BE (sat) 


2.3 

— 

2.3 

- 

- 

V 

< 

C\J 

II 

< 

GO 

11 

u 

Base Saturation Voltage (Note 1) 

^BE (sat) 

— 

— 

— 

— 

— 

2.5 

V 

Ic = 8A, Ig = 2.67A 

Base-Emitter Voltage (Note 1) 

''^BE (on) 

— 

1.3 

— 

1.3 

— 

1.5 

V 

Ic = 3A,Vce = 5V 

Collector-Emitter Sustaining 
Voltage (Note 2) 

^CEO (SUS) 

250 

- 

300 

- 

350 

- 

V 

lc“ 100mA, Ib = 0 

Emitter-Base Cutoff Current 

^EBO 

— 

1.0 

— 

1.0 

— 

1.0 

mA 

Veb = 8V 



— 

0.5 

— 

— 

— 

— 


VcE 250V 

Collector Cutoff Current 

^CEO 

— 

- 

- 

0.5 

- 

— 

mA 

VcE = 300V 



- 

- 

— 

— 

- 

0.5 


VcE = 350V 



— 

0.5 

— 

— 

— 



VcE^SOOV-j 

Collector Cutoff Current 

*CEV 

- 

— 

— 

0.5 

— 

— 

mA 

VcE = 600V J>Vbe = -1.5V 



- 

- 

- 

- 

- 

0.5 


Vce = 700v' 



- 

2.5 

- 

- 

— 

- 


VcE^soov'i 

Collector Cutoff Current, 150°C 

*CEV 

- 

- 

- 

2.5 

- 

— 

mA 

VcE = 600V |^Vbe = -1.5V 



- 

- 

- 

- 

- 

2.5 


VcE = 700V ' 

Second Breakdown Energy 

Es/b 

180 

- 

180 

- 

180 

- 

mJ 

lc = 3.0A,L = 40mH 

R,, = 3Kn, Vbb2 = 1.5V 

Collector Capacitance 

^ob 

— 

250 

— 

250 

— 

250 

PF 

VcB = 10V, l.rzO.f :=1MHZ 

Gain-Bandwidth Product 

tl 

5 

- 

5 

— 

5 

— 

MHz 

lc = .3A,VcE = 10V,f rzIMHz 

Switching Speeds: 

Rise Time 

t, 

— 

0.6 

— 

0.6 

— 

,0.6 

liS 

Vcc = 125V, lc = 3A 

Ibi =0.6A 

Storage Time 

ts 

- 

1.6 


1.6 

- 

1.6 

liS 

Vcc = 125V, Ic = 3A 

Ig, =0.6A, Ib2 = 1.5A 

Pulse Width r= 25 /xs 

Storage Time 

ts 

- 

0.8 

- 

0.8 

- 

0.8 

fiS 

Vcc = 125V, Ic = 3A 

Ibi=0.6A, Ib2 = 1-5A 

Pulse Width = 5.0 /xs 

Fall Time 

tf 

- 

0.4 

- 

0.4 

- 

0.4 

fiS 

Vcc = 125V, Ic = 3A 

Ib, =0.6A, Ib2 = 1.5A 

Thermal Resistance 

*^ejc 

- 

1.0 

- 

1.0 

— 

1.0 

°C/W 



Notes: 

1. Pulse width = 250//S; duty cycle <1%. 

2. Sustaining Voltage. Measured at a high current point where collector-emitter voltage is lowest. Current pulse length = SOywS; duty cycle < 1%. 
Voltage clamped at maximum collector-emitter voltage. 

* JEDEC registered values. 


UNITRODE CORPORATION • 5 FORBES ROAD 
LEXINGTON, MA 02173 • TEL. (617) 861-6540 
TWX (710) 326-6509 • TELEX 95-1064 


4-62 


PRINTED IN U S A 




JAN, JANTX, & JANTXV 2N6306 
2N6307 

JAN, JANTX, & JANTXV 2N6308 


Forward Bias Safe Operating Area 



CURVES APPLY BELOW t 

T 



Power Derating 



!0 50 100 200 500 

-COLLECTOR VOLTAGE (V) 


AT DESIRED OPERATING VOLTAGE, DERATE DISSIPA- 
TION CURRENT LIMIT AND 1; „ CURRENT LIMIT FROM 
25'C SOAR CURVE 

DASH LINES ON SOAR CURVES ARE EXTENSIONS OF 
DISSIPATION LIMITS FOR TEMPERATURE DERATING 
PURPOSES. 


80 120 16C 

-CASE TEMPERATURE (“C) 


D.C. Current Gain 


Saturation Voltages 




Ic — COLLECTOR CURRENT (A) 


1^ — COLLECTOR CURRENT (A) 
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TIME (ns) 


JAN, JANTX, & JANTXV 2N6306 
2N6307 

JAN, JANTX, & JANTXV 2N6308 


R, 

R 

R 


125V 

•c 

■ 'b2 
. 5V 



Switching Time Test Circuit 


125V 



Turn-On Time 



0.1 0.2 0.5 1 2 5 10 

Ic — COLLECTOR CURRENT (A) 


Turn-Off Time 



0.1 0.2 0.5 1 2 5 10 

Ic — COLLECTOR CURRENT (A) 
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POWER DARLINGTONS 

5 Amp, 150V, NPN 


FEATURES 

• High Current Gain: up to 2000 min. @ rz 5A 

• Low Saturation Voltage: as low as 1.5V max. @ 1^ = 2A 

• Peak Current: to lOA 

• JAN/JANTX/JANTXV versions meet MIL-S-19500/472 

ing applications. 

ABSOLUTE MAXIMUM RATINGS 

TO-33 3 PIN TO-66 



JAN, JANTX 

JAN, JANTX 

JAN, JANTX 

JAN, JANTX 


& JANTXV 

& JANTXV 

& JANTXV 

& JANTXV 


2N6350 

2N6351 

2N6352 

2N6353 

Collector— Emitter Voltage 

80V ... . 

...150V 

80V ... . 

...150V... 

Emitter— Base Voltages 

VeB2 

6V . . . . 

6V 

6V . . . . 

6V . . . 

Vebi 

12V ... . 

....12V 

12V ... . 

.... 12V .. . 

D.C. Collector Current 

5A 

5A 

5A . . . . 

5A . . . 

Peak Collector Current 

lOA 

lOA 

lOA . . . . 

lOA . . . 

Base 1 Current 

0.5A 

... 0.5A 

0.5A .... 

.... 0.5A... 

Power Dissipation 

25°C Ambient 

IW 

IW 

2W .... 

2W... 

100°C Case 

5W 

5W 

25W .... 

. . . . 25W . . . 


Thermal Resistance 


Junction-to-Case 

Operating and StorageTemperature Range 


JAN, JANTX & JANTXV 2N6350 
JAN, JANTX & JANTXV 2N6351 
JAN, JANTX & JANTXV 2N6352 
JAN, JANTX & JANTXV 2N6353 


DESCRIPTION 

Unitrode NPN Darlingtons consist of a 
two transistor circuit on a single 
monolithic planar chip. The 2N6350 
series is characterized for fast switch- 



MECHANICAL SPECIFICATIONS 
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JAN & JANTX 2N6350 JAN & JANTX 2N6351 


JAN & JANTX 2N6352 JAN & JANTX 2N6353 

ELECTRICAL SPECIFICATIONS (at 25^C unless noted) 


Test 

Symbol 

Min. 

Max. 

Units 

MIL-STD-750 

Method 

Test Conditions 

Visual and Mechanical 





2071 

See Mechanical Data 

25°C 







Collector-Emitter Breakdown Voltage 

BVcer 




3011 

Ic = 25mA, Rg£| = 2.2K, Ohms 

2N6350, 2N6352 


80 


Vdc 



2N6351, 2N6353 


150 


Vdc 



Emitter Base Breakdown Voltage, Base 1 

BVeboi 

12 


Vdc 

3026 

Ig = 12mA Base 2 Open 

Emitter Base Breakdown Voltage, Base 2 

BVebo2 

6 


Vdc 

3026 

Ig = 12mA Base 1 Open 

Collector — Emitter Cutoff Current 

^CEX 


1.0 

fiAdc 

3041 

VcE = BVcer Rating 

D.C. Current Gain 

hpE 




3076 

VcE = 5Vdc; Ic = 1-OA (pulse) 

2N6350, 2N6352 


2000 




Rbe2 = IK 

2N6351, 2N6353 


1000 





D.C. Current Gain 

hpE ^ 




3076 

VcE = 5Vdc; Ic = 5.0Adc (pulse) 

2N6350, 2N6352 


2000 

10000 



Rgg 2 = 100 Ohms 

2N6351, 2N6353 


1000 

10000 




D.C. Current Gain 

hpE 




3076 

VcE = 5Vdc; Ic = lOAdc (pulse) 

2N6350, 2N6352 


400 




Rgg 2 = 100 Ohms 

2N6351, 2N6353 


200 





Collector Saturation Voltage 

^CE (sat) 




3071 

Ic = 5.0Adc, = 100 Ohms 

2N6350, 2N6352 



1.5 

Vdc 


lgi = 5mAdc (pulse) 

2N6351, 2N6353 



2.5 

Vdc 


Ig, = lOmAdc (pulse) 

Base Saturation Voltage 

^BEl (on) 


2.5 

Vdc 

3066 

Ic = 5.0Adc (pulse), Vce = 5Vdc 







Rgg 2 =: 100 Ohms 

A.C. Current Gain 

|hpE| 

5 

25 


3066 

Vce = lOVdc, Ic = l.OAdc, f = lOMHz 







Rgg 2 = 100 Ohms 

Output Capacitance 

^OBOI 


120 

pf 

3236 

VcBi = lOVdc, lOOKHz ^ f ^ IMHz 







Base 2 open 

Turn-on Time 

ton 


0.5 

fiS 

3251 

Vce = 30Vdc; Ic = 5.0Adc 







See Switching Speed Circuit 

Turn-off Time 

^off 


1.2 

fiS 

3251 

Vec = 30Vdc; Ic = 5.0Adc 







See Switching Speed Circuit 

150°C 







Collector-Emitter Cutoff Current 

^CEX 


1.0 

fiMc 

3041 

Vebi =2Vdc, Rbe 2 = 100 Ohms 







Vce = BVcer Rating 

-65° C 







D.C. Current Gain 

hpE 




3076 

Vce = 5Vdc, Ic = 5.0Adc (pulse) 

2N6350, 2N6352 


400 




Rgg 2 = 100 Ohms 

2N6351, 2N6353 


200 
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TIME (microseconds) VOLTAGE (V) 


JAN, JANTX & JANTXV 2N6350 JAN, JANTX & JANTXV 2N6351 
JAN, JANTX & JANTXV 2N6352 JAN, JANTX & JANTXV 2N6353 


Saturation Voltages 



.1 .2 .5 12 5 10 

Ic — COLLECTOR CURRENT (A) 


Switching Speed 
Characteristics 



2N6350 & 52 Switching Speed Circuit 2N6351 & 3 Switching Speed Circuit 



NOTES 

1. The input waveform is supplied by a pulse 
generator with the following characteristics; 
t, $ 15 ns, t, < 15 ns, = 50fi, PW = 10 nS, 
Duty cycle < 2% 

2. Output waveforms are monitored on an 
oscilloscope with the following characteristics- 
t, s; 15 ns, Z,„ ^ 10 MSi, C,„ $ 11 5 pF. 

3. Resistors shall be noninductive types. 

4. The DC power supplies may require additional 
by-passing in order to minimize ringing. 


Saturation Voltage 
Temperature Coefficients 



Switching Speed 
Characteristics 



Thermal Response 



TIME (milliseconds) 
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JAN, JANTX & JANTXV 2N6350 JAN, JANTX & JANTXV 2N6351 
JAN, JANTX & JANTXV 2N6352 JAN, JANTX & JANTXV 2N6353 


D.C. Current Gain vs. Collector Current 
2N6350~2N6353 



.01 .1 1.0 10 
I — COLLECTOR CURRENT (A) 



2N6350 & 52 Switching Speed Circuit 


2N6351 & 3 Switching Speed Circuit 








SCOPE 
(SEE 
NOTE 2) 


1. The input waveform is supplied by a pulse 
generator with the following characteristics: 
t, ^ 15 ns, tf < 15 ns, Z^, , = 50fl, PW = 10 /ts. 
Duty cycle ^ 2%. 

2. Output waveforms are monitored on an 
oscilloscope with the following characteristics: 
t, ^ 15 ns, Z,„ ^ 10 Mfi, C,„ ^ 11.5 pF. 

3. Resistors shall be noninductive types. 

4. The DC power supplies may require additional 
by-passing in order to minimize ringing. 
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POWER TRANSISTORS 

20 Amp, 150 V, Double Diffused NPN Mesa 


2N6354 

2N6496 


FEATURES 

• Collector-Base Voltage: up to 150V 

• Peak Collector Current: 30A 

• Rise Time: < 500ns j 

• Fall Time: < 500ns I 


" @ Ic up to 12A 


DESCRIPTION 

These double diffused glass passivated 
mesa power transistors combine fast- 
switching, low saturation voltage and 
rugged Ej/b capability. They are de- 
signed for use in switching regulators, 
converters, inverters and switching- 
control amplifiers. 


ABSOLUTE MAXIMUM RATINGS* 

2N6354 2N6496 


Collector-Base Voltage, V^bo 150V 150V 

Collector-Emitter Sustaining Voltage, V^er (sus) — 130V 

^CEO(SUS) 120V. IIOV 

Emitter-Base Voltage, V^bq 6.5V . .,7V 

Collector Current, 1^ continuous lOA 15A 

Collector Current, I^m peak 12A — 

Base Current, Ig continuous 5A 5A 

Power Dissipation, 25°C Case MOW MOW 

Operating and Storage Temperature Range — 65to 200°C 


(1) With Rbe ^ 50fi 
* JEDEC registered values. 


MECHANICAL SPECIFICATIONS 


NOTE: 

Leads may be soldered to within 
Vie" of base provided temperature- 
time exposure is less than 260°C 
for 10 seconds. 





2N6354, 2N6496 



ins. 

mm. 

A 

.875 MAX. 

22.23 MAX. 

B 

.135 MAX. 

3.43 MAX. 

C 

.250-.450 

6.35-11.43 

D 

.312 MIN. 

7.92 MIN. 

E 

038- 043 DIA. 

0.97-1.09 DIA. 

F 

.188 MAX RAD 

4.78 MAX. RAD. 

G 

1.177-1.197 

29.90-30,40 

H 

.655- 675 

16.64-17.15 

J 

.205-225 

5.21-5.72 

K 

.420-440 

10.67-11.18 

L 

.525 MAX. RAD. 

13 34 MAX. RAD. 

M 

.151-161 DIA. 

3.84-4.09 DIA. 
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2N6354 2N6496 


Electrical Specifications (at 25°C unless noted) 




2N6354 

2N6496 



Test 

Symbol 

MIN. 

MAX. 

MIN. 

MAX. 

Units 

Test Conditions 

D.C. Current Gain 

hpE 

— 

— 

— 

— 


Ic = 2A, VcE = 5V 

(Note 1) 

20 

150 

— 

_ 


Ic = 5A, VcE = 2V 

D.C. Current Gain 

hpE 


— 

12 

100 


Ic = 8A, VcE = 2V 

(Note 1) 

10 

100 

— 

— 


Ic = lOA, VcE = 2V 

D.C. Current Gain 

hpE 

— 

— 

— 

— 


Ic = lOA, VcE = 5V 

(Note 1) 

— 

— 

— 

_ 


Ic = 12A, VcE = 5V 

Collector Saturation 

^CE (sat) 

— 

0.5 

— 

— 

V 

Ic = 5A, Ir = .5A 

Voltage (Note 1) 


— 

— 

1.0 

Ic = 8A, Ir = .8A 

Collector Saturation 
Voltage (Note 1) 

^CE (sat) 



1.0 

- 


V 

Ic = lOA, Ir = l.OA 

Collector Saturation 

^CE (sat) 


— 

— 


V 

Ic = 12A, Ir = 1.2A 

Voltage (Note 1) 

— 

— 


— 

Ic = 20A, Ir = 5A 

Base Saturation 

^BE (sat) 

— 

1.3* 

— 

— 

y 

Ic = 5A, Ir = 0.5A 

Voltage (Note 1) 

— 

— 

— 

2.0 


Ic = 8A, Ir = 0.8A 

Base Saturation 

^BE (sat) 

— 

2.0 

— 

— 

V 

Ic = lOA, Ir = lA 

Voltage (Note 1) 

— 


— 

— 

V 

Ic = 20A, Ir = 5A 

Collector-Emitter 
Sustaining Voltage 
(Note 2) 

VcEO (sus) 

120 


100 

- 

V 

Ic = 0.2A 

Collector-Emitter 
Sustaining Voltage 
(Note 2) 

^CEX (sus) 

- 


- 

- 

V 

Ic = 0.2A 

Vre = -1.5V 

Ib = 0 

Rre = 100 

Collector-Emitter 
Sustaining Voltage 
(Note 2) 

^CER (sus) 

— 


130 


V 

Rre = 50 n, Ic = 0.2A 

130 

— 

— 


Rre = 100 n, Ic = 0.2A 

Emitter-Base Voltage 

y 

6.5 

— 

— 

— 

\/ i 

Ie = 5mA 

''ebo 

— 

— 

7.0 

— 

V 

Ie = 50mA 

Collector Cutoff 

Current 

'CBO 

— 

5 1 

— 

— 

mA 

VcB = 150V 

Collector Cutoff 

Current 


— 

— 

_ 

— 


VcE = 55V 

'cEO 

— 

— 

— 

_ 

mA 

VcE = 70V 


— 

20 

— 

— 


VcE = lOOV 



— 

— 

— 

— 


VcE = llOV, Vre = -1.5V 

Collector Cutoff 

1 

— 

— 

— 

20 

mA 

VcE = 130V, Vre = 0 

Current 

'CEV 

— 

— 

— 

— 

VcE = 140V, Vre = -1.5V 



— 

10 

— 

— 


VcE = 140V, Vre = 0 

Collector Cutoff 

Current, 125°C 

^CEV 

- 

20 

- 

i _ 

mA 

VcE - 140V 

Collector Cutoff 

Current, 150°C 


— 

— 

— 

__ 


VcE = 85V, Vre = -1.5V 

^CEV 

_ 

— 

— 

— 

mA 

VcE = lOOV, Vre = -1.5V 


— 

— 

_ 

25 


VcE = 130V, Vre =: OV 

Emitter Cutoff 

Current 


— 

— 

_ 

— 


Vre = -5V 

Ubo 

— 

5.0 

— 

— 

mA 

Vre = -6.5V 


— 

— 

— 

50 


Vre = -7V 

Magnitude of Small 
Signal Forward — 

! ^fe 1 

— 

— 

12 

— 


VcE = lOV, Ic = 2A, f = 5 MHz 

Current Transfer 

Ratio 

8.0 

- 

- 

- 


VcE = lOV, Ic = lA, f = 10 MHz 

Collector Capacitance 

^ob 

— 

300 

— 

300 

pF 

VcB = lOV, f = 1 MHz 

Thermal Resistance: 


— 

— 

— 

1 ^ 5 “ 

°C/W 

VcE = lOV, Ic = lOA 

Junction-to-Case 

^0JC 

— 

1.25 

— 


VcE = 20V, Ic = lA 


Notes: 

1. Pulse width = 250yuS; duty cycle <1%. 

2. Sustaining Voltage. Measured at a high current point where collector-emitter voltage is lowest. Current pulse 
length s dO/uS; duty cycle < 1%. 

Voltage clamped at maximum collector-emitter voltage. 

* JEDEC registered values. 
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Power transistors 

7 Amp, 400V, Triple Diffused NPN Mesa 


2N6510 

2N6511 

2N6512 

2N6513 

2N6514 


FEATURES DESCRIPTION 

• Collector-Base Voltage: up to 400V These high voltage triple diffused glass 

• Peak Collector Current: lOA passivated power transistors combine fast 

• Rise Time: ^ 1.5/is ( __ switching, low saturation voltage and rugged 

• Fall Time: < 1.5/iS c — capability. They are designed for use in 

off-line power supplies, high voltage inverters, 
switching regulators, ignition systems and 
deflection circuits. 


ABSOLUTE MAXIMUM RATINGS 


*Col lector Base Voltage, V^po .... 

Collector-Emitter Sustaining Voltage, V^er , 3 ^ 3 ) in 
*Collector-Emitter Sustaining Voltage, Vq^q (susi 
*Emitter-Base Voltage, V^gp . 

*Col lector Current, 1^ continuous 

*Base Current, Ig . . . 

* Emitter Current, 1^ 

*Power Dissipation, P^ 25°C Case 

*Operating and Storage Temperature Range . 


2N6510 

2N6511 

2N6512 

2N6513 

2N6514 

.250V. . 

.. 300V.. 

. 350V... 

. . 400V 

350V 

.250V. . 

... 300V.. 

. 350V... 

.400V 

350V 

200V.. .. 

. . . 250V 

300V.. 

. . ..350V 

. .. 300V 

6 V. 

6V 

6V 

6V 

. ...6V 

.7A 

7A 

7A .. 

7A 

7A 

. ..lOA 

lOA 

lOA. . .. 

lOA 

. ...lOA 

....3A 

3A 

3A 

3A 

3A 

120W 

120W 

120W ... . 

120W 

..120W 


-65 to -f200°C.. 


(1) Rgg = son 

*JEDEC registered values 


MECHANICAL SPECIFICATIONS 


NOTE: 

Leads may be soldered to within 
Vie" of base provided temperature- 
time exposure is less than 260° C 
for 10 seconds. 


2NS510 2N6511 2N6512 2N6513 2N6514 






ins. 

mm. 

A 

875 MAX 

22 23 MAX. 

B 

135 MAX. 

3.43 MAX 

C 

250- 450 

6 35-1143 

D 

.312 MIN 

7.92 MIN. 

E 

038- 043 DIA. 

0 97-1.09 DIA 

F 

188 MAX RAD. 

4 78 MAX RAD 

G 

1 177-1.197 

29.90-30.40 

H 

.655-.675 

16.64-17.15 

J 

205- 225 

5 21-572 

K 

420-440 

10.67-11.18 

L 

.525 MAX. RAD 

13.34 MAX. RAD 

M 

151- 161 DIA 

3.84-4 09 DIA 
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2N6510 2N6511 2N6512 2N6513 2N6514 


ELECTRICAL SPECIFICATIONS (at 25°C unless noted) 


Test 

Symbol 

2N6510 

2N6514 

Units 

Test Conditions 

Min. 

Max. 

Min. 

Max. 

*D.C. Current Gain (Note 1) 

hpE 

10 

50 

— 

— 


Ic = 3A, VcE = 3V 

— 

— 

10 

50 

le=:5A,VcE = 3V 

*Col lector Saturation Voltage 
(Note 1) 

^CB (sat) 

— 

1.5 

— 

— 


lc = 3A, Ib = 0-6A 

— 

— 

— 

1.5 

lc = 5A,l8 = lA 

— 

2.5 

__ 

2.5 

Ic = 7A,Ib = 3A 

*Base Saturation Voltage (Note 1) 

^BE (sat) 

— 

1.7 

— 

_ 

V 

lc = 3A, Ib = 0.6A 

— 

— 

— 

1.7 

Ic = 5AJb = 1A 

Collector-Emitter Sustaining 
Voltage (Note 2) 

^CEO (sus) 

200^ 

— 

300* 

— 

V 

lc = 0.2A 

^CER (sus) 

250 

— 

350 

— 

V 

lc=:0.2A, RBE = 50n 

*Collector Cutoff Current 

'cEV 

— 

5.0 

— 

_ 

mA 

VcE = 250V, Vbe= -1.5V 

— 

— 

_ 

5.0 

VcE = 350V, Vbe = -1.5V 

*Collector Cutoff Current 100°C 

^CEV 

— 

10 

— 

__ 

mA 1 

VcE = 250V, Vbe= -1.5V 

— 

— 

_ 

10 

Vce = 350V, Vbe = -1.5V 

*Switching Speeds 

Delay Time 

Rise Time 

Storage Time 

Fall Time 

td 

t, 

t, 

tf 

— 

0.2 

1.5 

5.0 

1.5 

— 

- 

' " i 

IMS 

Vcc = 200V 

lc = 3A 

^Bl — ^B2 — ^‘^A 

Delay Time 

Rise Time 

Storage Time 

Fall Time 

td 

tp 

ts 

tf 

- 

- 

- 

0.2 

1.5 

5.0 

1.5 

/IS 

Vcc = 200V 

lc = 5A 

Ibi = ^B2 = lA 


ELECTRICAL SPECIFICATIONS (at 25°C unless noted) 


Test 

Symbol 

2N6511 

2N6512 

2N6513 

Units 

Test Conditions 

Min. Max. 

Min. 

Max. 

Min. 

Max. 

*D.C. Current Gain (Note 1) 

hpE 

10 50 

10 

50 

10 

50 


Ic = 4A,Vce = 3V 

*Collector Saturation Voltage 
(Note 1) 

^CE (sat) 

— 1.5 

__ 

1.5 

— 

1.5 

V 

o 

11 

> 

ll 

p 

bo 

> 

— 2.5 

__ 

2.5 

— 

2.5 

le = 7A.lB = 3A 

*Base Saturation Voltage (Note 1) 

^BE (sat) 

— 1.7 


1.7 

— 

1.7 

V 

Ic = 4A, Ib = 0.8A 

Collector-Emitter Sustaining 
Voltage (Note 2) 

^CEO (sus) 

250 — 

300 


350 

— 

V 

V 

Ic = 0.2A 

^CER (sus) 

300 — 

350 

— 

400 

— 

Ic = 0.2A, Rbe = 5012 

*Collector Cutoff Current 

'CEV 

— 5.0 

— 

— 

— 

— 

mA 

VcE = 300V, Vbe = -1.5V 

— — 

— 

5.0 

— 

— 

VcE=: 350V, Vbe = -1.5V 

— — 

— 

— 

— 

5.0 

VcE = 400V, Vbe = -1.5V 

*Collector Cutoff Current, 100°C 

^CEV 

— 10 

— 

— 

— 

— 

mA 

VcE = 300V, Vbe = -1.5V 

— — 

__ 

10 

— 

— 

VcE = 300V, Vbe = -1.5V 

— — 

— 

— 

_ 

10 

VcE = 400V, Vbe = -1.5V 

*Switching Speeds 

Delay Time 

Rise Time 

Storage Time 

Fall Time 

td 

t, 

ts 

tf 

- 0.2 

— 1.5 

— 5.0 

— 1.5 

1 1 1 1 

0.2 

1.5 

5.0 

1.5 

1 1 1 1 

0.2 

1.5 

5.0 

1.5 

AS 

Vcc = 200V 

Ic = 4A 

Ifil — ^32 — ^’^A 


Notes: 

1. Pulse width = 250/yS: duty cycle <1%. 

2. Sustaining Voltage. Measured at a high current point where collector-emitter voltage is lowest. Current pulse length = 50/;S; duty cycle < 1%. 
Voltage clamped at maximum collector-emitter voltage. 

* JEDEC registered values. 
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2N6510 2N6511 2N6512 2N6513 2N6514 


ELECTRICAL SPECIFICATIONS (at 25°C unless noted)* 




All Types 



Test 

Symbol 

Min. 

Max. 

Units 

Test Conditions 

Emitter-Base Cutoff Current 

*EBO 

— 

3.0 

mA 

Vb = 6V 

Magnitude of 

Common Emitter 

Small-Signal 

Short Circuit 

Forward Current 

Transfer Ratio 

hfe 

3 

9 


lc = lA 

VcE = 10V 

f =:lMHz 

Forward-Bias 

Second Breakdown 

Is/b 

3,16 



A 

VcE = 35V, t = Is, non-rep. 

Collector Current 

0.1 

— 

A 

z= 200V, t = Is, non-rep. 

Collector Capacitance 

^ob 

100 

200 

pF 

VcB = 10V,f=:lMHz 

Thermal Resistance, 
Junction-to-Case 

R®JC 

— 

1.46 

°C/W 

VcE = 20V, Ic = 5A 


* All values in this table are JEDEC registered. 



5 10 20 50 100 200 500 

— COLLECTOR VOLTAGE (V) 


Power Derating 



0 40 80 120 160 200 

Tc — CASE TEMPERATURE (“C) 
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POWER TRANSISTORS 

5A, 850V, Fast Switching, 

Silicon NPN Mesa 


2Nfi542 

2N6543 


FEATURES 


• Collector-Base Voltage: up to 850V 

• Peak Collector Current: lOA 

• Rise Time: <0.7/xS\ 

• Fall Time: <0.8/4S/ ® 

• Key Parameters characterized at lOO^C 


DESCRIPTION 

These high voltage glass passivated power 
transistors combine fast switching, low 
saturation voltage and rugged Ej/b capability. 
They are designed for use in off-line power 
supplies, high voltage inverters, switching 
regulators. Ignition systems and deflection 
circuits. 


ABSOLUTE MAXIMUM RATINGS * 

Collector-Base Voltage, V^bo 

Collector-Emitter Voltage, Vceo (sus) 

Emitter-Base Voltage, Vebo 

Collector Current, 1^, continuous 

Collector Current, peak 

Base Current, Ig continuous 

Power Dissipation, 25°C Case 

Derating Factor 

Operating and Storage Temperature Range 


2N6542 

650V., 

300V. 

9V., 

5A.. 

lOA. 

5A. 

lOOW., 

.571W/°C. 


2N6543 

850V 

400V 

9V 

5A 

lOA 

5A 

lOOW 

571W/“C 

-65 to 200°C 


* JEDEC registered values. 


MECHANICAL SPECIFICATIONS 


NOTE: 

Leads may be soldered to within 
Vie" of base provided temperature- 
time exposure is less than 260°C 
for 10 seconds. 



2N6542 2N6543 



ins. 

mm. 

A 

875 MAX 

22 23 MAX 

B 

135 MAX 

3 43 MAX 

C 

250- 450 

6 35-11 43 

D 

312 MIN 

7 92 MIN 

E 

038- 043 DIA 

0 97-1 09 DIA 

F 

188 MAX RAD 

4 78 MAX RAD 

G 

1 177-1 197 

29 90-30 40 

H 

655-675 

16 64-17 15 

~r 

205- 225 

521-5 72 

’ K 

420- 440 

1067-11 18 

L 

525 MAX RAD 

13 34 MAX RAD 

M 

151- 161 DIA 

3 84-4 09 DIA 

N 

190-210 

4.83-5 33 
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2N6542 2N6543 


ELECTRICAL SPECIFICATIONS (at 25°C unless noted)* 


Test 

Symbol 

2N6542 

2N 

6543 

Units 

Test Conditions 

MIN. 

MAX. 

MIN. 

MAX. 

D.C. Current Gain (Note 1) 

hpE 

12 

60 

12 

60 


lc = 1.5A, Vce = 2V 

D.C. Current Gain (Note 1) 

hFE 

7 

35 

7 

35 


Ic=:3.0A,Vce = 2V 

Collector Saturation Voltage 
(Note 1) 

VcE (sat) 

- 

1.0 

- 

1.0 

V 

lc = 3.0A, Ib = 0.6A 

Collector Saturation Voltage, 

Tc = 100°C (Note 1) 

^CE (sat) 

- 

2.0 

- 

2.0 

V 

lc = 3.0A, Ib = 0.6A 

Collector Saturation Voltage 
(Note 1) 

^CE (sat) 


5.0 

- 

5.0 

V 

lc = 5.0A, Ib = 1.0A 

Base Saturation Voltage (Note 1) 

^BE (sat) 

— 

1.4 

— 

1.4 

V 

lc = 3.0A, Ib = 0.6A 

Base Saturation Voltage, 

Tc = 100=C(Note 1) 

^BE (sat) 

- 

1.4 

- 

1.4 

V 

lc = 3.0A, Ib = 0.6A 

Collector-Emitter Sustaining 
Voltage (Note 2) 

^CEO (sus) 

300 

- 

400 

- 

V 

lc = 0.1A, Ib=:0 

Collector-Emitter Sustaining 
Voltage 

Tc = 100° C (Note 2) 

^CEX (sus) 

350 


450 

- 

V 

L=:180/iH, lc = 2.6A 

Vbe = -5V 

VcE Clamped to rated Vcex (sus) 

Collector-Emitter Sustaining 
Voltage 

Tc = 100°C(Note 2) 

'^CEX (sus) 

200 

- 

300 

- 

V 

L = 180/4H, lc = 5A 

^BE (off) = — 5V 

VcE clamp to Vceo — lOOV 

Emitter-Base Cutoff Current 

Ieso 

— 

1 

— 

1 

mA 

Veb = 9V 

Collector Cutoff Current 

*CEV 

— 

0.5 

— 

0.5 

mA 

VcE = 650V, Vbe = -1.5V 

VcE = 850V, Vbe = -1.5V 

Collector Cutoff Current, 

Tc = 100°C 

IcEV 

: 

2.5 

— 

2.5 

mA 

VcE = 650V, Vbe = -1.5V 

VcE = 850V, Vbe = -1.5V 

Collector Cutoff Current, 

Tc = 100°C 

^CER 

: 

3.0 

— 

3.0 

mA 

VcE =r 650V, R 50n 

VcE = 850V, R = 500 

Output Capacitance, 

Common Base 

^obo 

50 

150 

50 

150 

PF 

VcB = lOV, f = 1 MHz 

Gain-Bandwidth Product 

Ft 

6 

24 

6 

24 

MHz 

VcE = 10V, lc = 0.2A,f = lMHz 

Forward Bias Second Breakdown 

is/b 

200 


200 

- 

mA 

P.W. = 1 sec. single shot 

VcE = 100V 

Energy Second Breakdown 
(undamped) 

Es/b 

180 

- 

180 

- 

/iJ 

lc = 3.0A 

L = 40/^H,VBE,off)-4.0Vdc 

Resistive Switching Speeds 

Delay Time 

Rise Time 

Storage Time 

Fall Time 

td 

t,. 

ts 

tf 

— 

0.05 

0.7 

4.0 

0.8 

— 

0.05 

0.7 

4.0 

0.8 

fiS 

Ic = 3.0A, tp = 100/iSec 

Vcc = 250V 

Ifii — ^2 — 0.6A 

Inductive Switching Speeds 

Tc = 100°C 

Storage Time 

Fall Time 

ts 

tf 

- 

4.0 

0.8 

- 

4.0 

0.8 

fjiS 

Ic = 3.0A 

lB = 0.6A.V,E|„,„ = 5.0Vdc 

VaE,b.fl-5V 

VcE clamper rated Vcex 

Thermal Resistance, 
Junction-to-Case 

Rojc 

- 

1.75 j 

- 

1.75 

°c/w 



Notes: 

1. Pulse width = 250/yS; duty cycle <1%. 

2. Sustaining Voltage. Measured at a high current point where collector-emitter voltage is lowest. Current pulse length = 50/;S; duty cycle < 1%. 
Voltage clamped at maximum collector-emitter voltage. 

* JEDEC registered values. 


UNITRODE CORPORATION • 5 FORBES ROAD 
LEXINGTON, MA 02173 • TEL. (617) 861-6540 
TWX (710) 326-6509 • TELEX 95-1064 


4-79 


PRINTED IN U.S.A. 




SATURATION VOLTAGE (V) 'c — COLLECTOR CURRENT (A) _ COLLECTOR CURRENT (A) 
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2N6542 2N6543 


Resistive Turn-On Time Resistive Turn-Off Time 



TEST CONDITIONS FOR DYNAMIC PERFORMANCE 


, AND INDUCTIVE SWITCHING 


RESISTIVE SWITCHING 


+10V 

0-r 


■T? 



PW Varied to Attain 
Ip = 100mA 


O.Ol/iFl 

Set +V,^ to Obtain a Forced 
hpg = 5 and Adjust PW to 
Attain Specified Peak 1^. 

Duty Cycle ^ 3% 
f = lkHz 


Ibi = 0.6A 
+175V 

o_n_ 




5V 

Q1 2N6408 Q3 2N5875 
Q2 2N6406 Q4 2N5877 
Diodes 1N4933 


PW Varied to Attain U 


= +13V , 

“At 

=«-iiv , 

lc = 3A 
PW ^ lOOfiS 
if ^ 5ns 
tf ^ 50ns 
Duty Cycle ^ 2% 


L,o,i =80mH Vpc = lOV 
z=0.7fi 

Vciamp (Undamped) 


I = ISOyuH 

R^^, =0.05<2 V^, 

Vpc = 20V 
f = 500kHz 


p = Rated Vppx Value 


L^^,, =40mH Vpc = 

R^p,, =0.2L> 

V , (Undamped) 


Vcc = 250V 
Rl = 83Q 

D1 = 1N5820 or Equiv. 

Rb = 20D 


INDUCTIVE TEST CIRCUIT 


See Above For 
Detailed Conditions 



OUTPUT WAVEFORMS 
/t, Clamped 
■t, Undamped = t. 


k-t,-*|t,l^ 


tj Adjusted to 
Obtain L- 


RESISTIVE TEST CIRCUIT 
Rb TUL 


-Tnrr 


Vcl^T" 

V., „ 

^clamp 

□ 


Time 

-iJ 



^cc 

Led Ccp.) 


^2 ' y ^ 

Test Equipment 
Tektronix Scope 
475 or Equivalent 



'1 D1 
-5V 


Rl 

± Vp, 
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POWER TRANSISTORS 

8 Amp, 850V, Triple Diffused, NPN, Mesa 


2N6544 

2N6545 


FEATURES 

• Collector-Base Voltage; up to 850V 

• Peak Collector Current: 16A 

• Rise Time: < 1.0/iS ) , _ . 

• Fall Time; ^ 1,0/iS S @ 'c - 5A 

• Key Parameters characterized at 100®C 


DESCRIPTION 

These high voltage triple diffused glass 
passivated power transistors combine fast 
switching, low saturation voltage and rugged 
Es/b capability. They are designed for use in 
off-line power supplies, high voltage inverters, 
switching regulators, ignition systems and 
deflection circuits. 


ABSOLUTE MAXIMUM RATINGS* 

Collector-Base Voltage, V^bq 

Collector-Emitter Voltage, V^eoisus) 

Emitter-Base Voltage, V^bq 

Collector Current, \q continuous 

Base Current, Ib continuous 

Emitter Current, Ig continuous .. 

Power Dissipation, 25°C Case 

Derating Factor 

Operating and Storage Temperature Range 

* JEDEC registered values. 


2N6544 2N6545 

650V 850V 

300V 400V 

9V 9V 

. 8A 8A 

8A 8A 

16A 16A 

125W 125W 

... .714W/°C 714W/“C 


-65 to 200°C. 


MECHANICAL SPECIFICATIONS 


NOTE: 

Leads may be soldered to within 
Vie" of base provided temperature- 
time exposure is less than 260°C 
for 10 seconds. 






A 








CD 

1 

- 

-- 


C D 


G 



2N6544 2N6545 



ins. 

mm. 

A 

875 MAX 

22 23 MAX 

B 

135 MAX 

3 43 MAX 

C 

250- 450 

6 35-11 43 

D 

312 MIN 

7 92 MIN 

E 

038- 043 DIA 

0 97-1 09 DIA 

F 

188 MAX RAD 

4 78 MAX RAD 

G 

1 177-1 197 

29 90-30 40 

H 

655- 675 

16 64-17 15 

J 

205- 225 

5 21-5 72 

K 

420- 440 

1067-11 18 

L- 

525 MAX RAD 

13 34 MAX RAD 

M 

151- 161 DIA 

3 84-4 09 DIA 

N 

190.210 

4.83-5.33 
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ELECTRICAL SPECIFICATIONS (at 25°C unless noted)* 




2N6544 

2N6545 



Test 

Symbol 

MIN. 

MAX. 

MIN. 

MAX. 

Units 

Test Conditions 

D.C. Current Gain (Note 1) 

hpE 

12 

60 

12 

60 


Ic = 2.5A, VcE = 3V 

D.C. Current Gain (Note 1) 

hpE 

7 

35 

7 

35 


Ic = 5.0A,Vce = 3V 

Collector Saturation Voltage 
(Note 1) 

^CE (sat) 

- 

1.5 

- 

1.5 

V 

Ic = 5.0A, Ib = l.OA 

Collector Saturation Voltage, 

Tc = 100°C (Note 1) 

^CE (sat) 

- 

2.5 

- 

2.5 

V 

Ic = 5.0A, Ib = l.OA 

Collector Saturation Voltage 
(Note 1) 

^CE (sat) 

- 

5.0 

- 

5.0 

V 

lc = 8.0A, Ib = 2.0A 

Base Saturation Voltage (Note 1) 

^BE (sat) 

— 

1.6 

— 

1.6 

V 

Ic = 5.0A, Ib = l.OA 

Base Saturation Voltage, 

Tc = 100°C (Note 1) 

^BE (sat) 

- 

1.6 


1.6 

V 

lc = 5.0A, Ib = 1.0A 

Collector-Emitter Sustaining 

v 

300 


400 


Y 

1 — • n 1A 

Voltage (Note 2) 

''CEO (sus) 





Collector-Emitter Sustaining 







L = 180/iH, lc=4.5A 

Voltage 

^CEX (sus) 

350 



450 



V 

Vbe = -5V 

Tc = 100°C (Note 2) 





VcE clamped to rated Vcex (sus) 

Emitter-Base Cutoff Current 

^EBO 

— 

1 


1 

mA 

Veb = 9V 




0.5 






VcE = 650V, Vbe = -1.5V 

Collector Cutoff Current 





mA 


•CEV 





VcE = 850V, Vbe = 

— 

— 

— 

0.5 

Collector Cutoff Current, 

Tc = 100°C 

1 

— 

2.5 

— 

— 

mA 

VcE = 650V, Vbe = 

‘CEV 

- 

— 

- 1 

2.5 j 

VcE = 850V, Vbe = 

Collector Cutoff Current, 

Tc = 100°C 

1 

— 

3.0 

— 

— 

mA 

VcE = 650V, R = 50n 

•CER 


_ 

— 

3.0 

VcE = 850V,R = 50n 

Output Capacitance, 

Common Base 

^obo 

100 

200 

100 

200 

PF 

VcB - lOV, f = 1 MHz 

Gain-Bandwidth Product 

Ft 

6 

24 

6 

24 

MHz 

VcE = lOV, Ic = 0.3A, f = 1 MHz 

Energy Second Breakdown 
(undamped) 

^s/b 

500 

- 

500 

- 

iiJ 

Ic = 5.0A 

Ib = 1.0A 

L = 40aH 

Resistive Switching Speeds 








Delay Time 

td 

— 

0.05 

— 

0.05 


Ic = 5.0A 

Rise Time 

t. 



1.0 

— 

1.0 

IxS 

Vcc = 250V 

Storage Time 

t^ 

— 

4.0 

— 

4.0 

Igi = Ib 2 = l.OA 

Fall Time 

tf 

— 

1.0 

— 

1.0 


^BE (off) = 

Inductive Switching Speeds 








Tc = 100° C 







Ic = 5.0A 

Storage Time 

ts 

_ 

4.0 



4.0 

fiS 

Ib = l.OA 

V — 5V 

Fall Time 

tf 

— 

0.9 

— 

0.9 

''be (off) — 

VcE clamp = rated Vcex (sus) 

Thermal Resistance, 



1.4 


1.4 



Junction-to-Case 

^0JC 



°c/w 



Notes: 

1. Pulse width = 250//S; duty cycle <1%. 

2. Sustaining Voltage. Measured at a high current point where collector-emitter voltage is lowest. Current pulse length s bO/jS', duty cycle < 1%. 
Voltage clamped at maximum collector-emitter voltage. 

* JEDEC registered values. 
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VOLTAGE (V) 


2N6544 2N6545 


Forward Bias Safe Operating Area 


Power Derating 



CURVES APPLY BELOW 









X 

N 





\ 











> 












AT DESIRED OPERATING VOLTAGE, DERATE DISSIPA- 
TION CURRENT LIMIT AND 1;,^ CURRENT LIMIT FROM - 
25*C SOAR CURVE 

DASH LINES ON SOAR CURVES ARE EXTENSIONS OF 
DISSIPATION LIMITS FOR TEMPERATURE DERATING 
PURPOSES. 


10 20 50 100 200 500 

VcE — COLLECTOR VOLTAGE (V) 


40 80 120 160 

Jr — CASE TEMPERATURE (“C) 


Reverse Biased Safe Operating Area 


D.C. Current Gain 




VCEX(SUS) — COLLECTOR VOLTAGE (V) 


-COLLECTOR CURRENT (A) 


Saturation Voltages 



0.1 0.2 0.5 1 2 5 

Ic — COLLECTOR CURRENT (A) 


Inductive Load 
Switching Performance 


'c 

Tj 

t, 


tfi 

Amps 

“C 

jjlS 

IIS 

JiS 

3.0 

25 

.90 

.07 

.07 

100 

1.40 

.12 

.15 

5.0 

25 

.98 

.10 

.11 

100 

1.52 

.15 

.20 

8.0 

25 

1.10 

.14 

.11 

100 

1.70 

.20 

.18 


= voltage fall time; 10-90% 
tf, = current fall time; 10-90% 
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2N6544 2N6545 


TEST CONDITIONS FOR DYNAMIC PERFORMANCE 


''CEX (SUS) 


AND INDUCTIVE SWITCHING 


RESISTIVE SWITCHING 


4-lOV 

0 


12 


PW Varied to Attain 
U = 100mA 


Drive Circuit 
+4V 

PW J~Lr 
-4V 

Set +V,„ to Obtain a Forcec 
hp£ = 5 and Adjust PW to 
Attain Specified Peak 1,^. 

Duty Cycle ^ 3% 
f = IkHz 




Q1 2N6408 Q3 2N5875 
Q2 2N6406 Q4 2N5877 
Diodes 1N4933 


PW Varied to Attain U 


+13V , 

oi]_r 

>^-iiv 

lc = 3A 
PW ^ 100/iS 
tf ^ 5ns 
tf ^ 50ns 
Duty Cycle ^ 2% 


L„,, = 80m H Vcc = lOV 
r", =0.70 
Vciamp (Undamped) 


L,„,, = 180m H 
R^^,, =0.05<2 V^, 

V^c = 20V 
f = SOOkHz 


: Rated V^^p^ Value 


=:40mH Vcc-lOV 
R,^,, =0.20 
'^ciamp (Undamped) 


Vcc = 250V 
R^ = 83D 

D1 = 1N5820 orEquiv. 

Rr = 200 


INDUCTIVE TEST CIRCUIT 


Input 


See Above For 
Detailed Conditions 



OUTPUT WAVEFORMS 
/tf Clamped 

t, Undamped = t^ 




tj Adjusted to 
Obtain 1^; 

, Ccp.) 


RESISTIVE TEST CIRCUIT 


> 

□ 


Time 1 




Vcc 

Lco„ Ccp.) 


tj « 

Test Equipment 
Tektronix Scope 
475 or Equivalent 




Turn-Off Time 



0.1 0.2 0.5 1 2 5 10 

Ic — COLLECTOR CURRENT (A) 


Turn-On Time 



0.1 0.2 0.5 1 2 5 10 

Ic — COLLECTOR CURRENT (A) 
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POWER TRANSISTORS 

15A, 850V, Fast Switching, 
Silicon NPN Mesa 


JAN, JANTX, 
JAN, JANTX, 


& JANTVX 2N6546 
& JANTVX 2N6547 


FEATURES 

• Collector-Emitter Voltage: up to 850V 

• Peak Collector Current: 30A 

• Rise Time: < 0.7 /jS 

• Fall Time: < 0.7/uS 

• Qualified to MIL-S-19500/525 


@ Ic = lOA 


DESCRIPTION 

These high voltage glass passivated power 
transistors combine fast switching, low 
saturation voltage and rugged Ej/b capability. 
They are designed for use In off-line power 
supplies, high voltage inverters, switching 
regulators, ignition systems and deflection 
circuits. 


ABSOLUTE MAXIMUM RATINGS 

Collector-Emitter Sustaining Voltage, Vcex . 

Col lector- Emitter Voltage, Vceo (Sus) 

Emitter-Base Voltage, Vebo 

Collector Current, Ic, continuous 

Collector Current, Ic peak 

Base Current, Ib, continuous 

Emitter Current, Ie, continuous 

Power Dissipation, 25°C Case 

Derating Factor 

Operating and Storage Temperature Range 


2N6546 

2N6547 

..650V 

850V 

..300V 

400V 

. . . . 8V 

8V 

...15A 

15A 

. . . 30A 

30A 

...lOA 

lOA 

...25A 

25A 

. 175W 

175W 

1W/"C 

1W/°C 


-65 to +200°C 


MECHANICAL SPECIFICATIONS 


NOTE: 

Leads may be soldered to within 
Vie" of base provided temperature- 
time exposure is less than 260°C 
for 10 seconds. 




JAN, JANTX, & JANTXV 2N6546 
JAN, JANTX, & JANTXV 2N6547 



ins. 

mm. 

A 

875 MAX 

22 23 MAX 

B 

135 MAX 

3 43 MAX 

C 

250- 450 

6 35-11 43 

D 

312 MIN 

7 92 MIN 

E 

038- 043 DIA 

0 97-1 09 DIA 

F 

188 MAX RAD 

4 78 MAX RAD 

G 

1 177-1 197 

29 90-30 40 

H 

655- 675 

16 64-17 15 


205- 225 

5 21-5 72 

K 

420- 440 

1067-11 18 

L 

525 MAX RAD 

13 34 MAX RAD 

M 

151- 161 DIA 

3 84-4 09 DIA 

N 

190.210 

4 83-5 33 
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JAN, JANTX, & JANTVX 2N6546 
JAN, JANTX, & JANTVX 2N6547 


ELECTRICAL SPECIFICATIONS (at 25°C unless noted)* 


Test 

Symbol 

2N6546 

2N6547 

Units 

Test Conditions 

MIN. 

MAX. 

MIN. 

MAX. 

D.C. Current Gain (Note 1) 

hpE 

12 

60 

12 

60 


Ic = 5.0A, VcE = 2.0V 

D.C. Current Gain (Note 1) 

hpE 

6 


6 

— 


Ic = lOA, VcE = 2.0V 

D.C. Current Gain (Note 1) 

hpE 

15 

_ 

15 

— 


Ic = lA, Vcc = 2V 

Collector Saturation Voltage (Note 1) 

VcE (sat) 

- 

1.5 

— 

1.5 

V 

Ic = lOA, Ib = 2.0A 

Collector Saturation Voltage (Note 1) 

VcE (sat) 

- 

5.0 

— 

5.0 

V 

Ic = 15A, Ib = 3.0A 

Base Saturation Voltage (Note 1) 

Vbe (sat) 

- 

1.6 

- 

1.6 

V 

lc = lOA, Ib = 2.0A 

Collector-Emitter Sustaining 

Voltage (Note 2) 

VcEO (sus) 

300 

- 

400 

- 

V 

lc = 0.1A, Ib = 0 

Emitter-Base Cutoff Current 

Iebo 

- 

1 

— 

1 

mA 

Veb = 8V 

Collector Cutoff Current 

•CEX 

- 

1 



1 

mA 

VcE = 650V, Vbe = -1.5V 

Vce = 850V, Vbe = -1.5V 

Collector Cutoff Current, 

Tc=150<’C 

ICEX 

— 

30 

— 

30 

mA 

Vce = 650V, Vbe = -1.5V 

VcE = 850V, Vbe = -1.5V 

Output Capacitance 

Common Base 

Cobo 

- 

500 

- 

500 

pF 

VcB =10V, f = IMHz 

Resistive Switching Speeds 

Turn-on Time 

Turn-off Time 

tON 

tOFP 

- 

1.0 

4.7 

- 

1.0 

4.7 

iwS 

Ic = lOA 

Vcc = 250V 

Ibi = Ib2 = 2.0A 

Thermal Resistance, 

Junction-to-Case 

R0JC 

- 

1.0 

- 

1.0 

“C/W 



Notes: 

1. Pulse width = 250/iS: duty cycle <1%. 

2. Sustaining Voltage. Measured at a high current point where collector-emitter voltage is lowest. Current pulse length = 50/iS: duty cycle < 1%. 
Voltage clamped at maximum collector-emitter voltage. 

* JEDEC registered values. 
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SATURATION VOLTAGE (V) CURRENT DERATING FACTOR (%) 


JAN, JANTX, & JANTVX 2N6546 
JAN, JANTX, & JANTVX 2N6547 


Power Derating Forward Bias Safe Operating Area 



0 40 80 120 160 200 

Tq — CASE TEMPERATURE (X) 


Saturation Voltages 



0.2 0.5 1 2 5 10 20 


Ic -- COLLECTOR CURRENT (A) 



10 20 50 100 200 500 1000 


VcE — COLLECTOR VOLTAGE (V) 

DC Current Gain 

500 1 — I I I T I r n — rn — ttttttt 


200 




0.2 0.5 1 2 5 10 20 


Ic — COLLECTOR CURRENT (A) 


Typical 

Inductive Load 
Switching Performance 


•c 

Tj 



tfi 

Amps 

X 

aS 

nS 

nS 


25 

.8 

.14 

.025 


100 

1.10 

.18 

.030 


25 

.90 

.14 

.025 

5 

100 

1.20 

.16 

.030 

10 

25 

1.20 

.05 

.050 


100 

1.50 

.12 

.10 
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JAN, JANTX, & JANTVX 2N6546 
JAN, JANTX, & JANTVX 2N6547 


Resistive Turn-On Time Resistive Turn-Off Time 



TEST CONDITIONS FOR DYNAMIC PERFORMANCE 


, AND INDUCTIVE SWITCHING 


“^S/b 


RESISTIVE SWITCHING 


+10V 

0 


PW Varied to Attain 
Ip = 100mA 


Drive Circuit 
+4V ^ 

PW Jtr L,, 

oVlP 

Set +V,„ to Obtain a Forced 
hpE = 5 and Adjust PW to 
Attain Specified Peak 1^. 

Duty Cycle ^ 3% 
f = IkHz 





15fi 1 

Iba = 2,0A . 

38.5V I ion 

n-T-L. 


4V 




-5V 

Q1 2N6408 Q3 2N5875 
Q2 2N6406 Q4 2N5877 
Diodes 1N4933 


PW Varied to Attain U 


-f-13V 

^-iiv 

ic = lOA 
PW < 100/iS 
tf ^ 5ns 
tf ^ 50ns 
Duty Cycle < 2% 


V) 

By 


Leo,, =80mH Vcc = lOV 
R^^,, =0.7« 

Vci.mp (Undamped) 


Leo, I = 180 mH 

Ree,, =0.05<» Ve, 
Vcc = 20V 
f = 500kHz 


p = Rated V( Value 


Lpp,, =40/iH Vcc = 10V 

Rpp,, =0.20 

^oamo (Undamped) 


Vpp = 250V 
Rl = 250 

D1 = 1N5820 or Equiv. 

Rg = 60 


INDUCTIVE TEST CIRCUIT 


See Above For 
Detailed Conditions 


1N4937 


k or 


jEquiv-, f 


r alent " ' 

1 \/ 

i 


|Rco 




OUTPUT WAVEFORMS 


t 

A, Clamped 

S(^t, Undamped = 

l'y>^ 



jvjor 1 

1 jclamp 1 

r 

— t 

Time U-t,-« 



tj Adjusted to 
Obtain 1^ 




L-cc. CcpJ 
Vcc 


t Cep.) 

Test Equipment 
Tektronix Scope 
475 or Equivalent 


RESISTIVE TEST CIRCUIT 



-5V 
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POWER TRANSISTORS 

8A, 400V, NPN Mesa 


2N6671 

2N6672 

2N6673 


FEATURES 

• Collector Emitter Voltage: up 

• Peak Collector Current: lOA 

• Storage Time < 2.5/iS ^ . . 

• Fall Time < 0.4/iS f 


to 650V 


c = 5A 


DESCRIPTION 

These high voltage, multiple layer 
epitaxial, glass passivated power 
transistors combine fast switching, low 
saturation voltage and rugged second - 
breakdown capability. They are designed 
for use in off-line power supplies, high 
voltage inverters and switching regulators. 


ABSOLUTE MAXIMUM RATINGS^^ 

Collector Emitter Voltage, Vcev 

Collector Emitter Voltage, Vcex 

Collector Emitter Voltage, Vceo (sus) 

Emitter Base Voltage, Vebo 

Collector Current. Ic continuous 

Collector Current, lcM(peak) 

Base Current, 1 b continuous 

Power Dissipation, up to 25°C 

above 25°C, derate linearly 
Operating and Storage Temperature Range . . . 

*JEDEC registered values. 


2N6671 2N6672 2N6673 

. 450V 550V 650V 

. 350V 400V 450V 

. 300V 350V 400V 

8V 

8A 

12A 

4A 

150W 

0.86W/‘’C 

-65°C to +200X 


MECHANICAL SPECIFICATIONS 


NOTE: 

Leads may be soldered to within 
Vie" of base provided temperature- 
time exposure is less than 260°C 
for 10 seconds. 




2N6671 2N6672 2N6673 



INCHES 

MILLIMETERS 

A 

875 MAX. 

22.23 MAX. 

B 

135 MAX. 

3.43 MAX 

C 

250- .043 DIA 

6 35-11.43 

D 

312 MIN 

7 92 MIN 

E 

038- .043 DIA 

0 97-1.09 DIA 

F 

.188 MAX. RAD. 

4.78 MAX. RAD 

G 

1 177-1.197 

29 90-30 40 

H 

655- 675 

16.64- 17 15 

J 

205- 225 

5.21-5.72 

K 

420-.440 

10 67-11.18 

L 

525 MAX RAD 

13 34 MAX. RAD. 

M 

.151- 161 DIA. 

3 84-4 09 DIA 
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ELECTRICAL SPECIFICATIONS (at 25“C unless noted) 


2N6671 2N6672 2N6673 


TEST 

SYMBOL 

2N6671 

2N6672 

2N6673 

UNITS 

TEST CONDITIONS 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

Collector Cutoff Current 

IcEV 

— 

0.1 

— 

— 

— 

— 

mA 

Vce = 450V, Vbe = -1.5V 

— 

— 

— 

0.1 

— 

— 

mA 

VcE = 550V, Vbe = -1.5V 

— 


— 


— 

0.1 

mA 

VcE = 650V, Vbe = -1.5V 

Collector Cutoff Current 

Tc=125°C 

IcEV 

— 

1 


~ 

— 

_ 

mA 

Vce = 450V, Vbe = -1.5V 

— 

— 

— 

1 

— 

— 

mA 

VcE = 550V, Vbe = -1.5V 

— 

— 

— 

— 

— 

1 

mA 

Vce = 650V, Vbe = -1.5V 

Emitter Base Cutoff Current 

Iebo 

— 

2 

— 

2 

— 

2 

mA 

Vbe “ -8V, Ic — 0 

Collector Emitter Sustaining Voltage 
(Notes 1 & 2) 

VcEO(sus) 

300 

- 

350 

- 

400 

- 

V 

lc = 0.2A, Ib=0 

DC Current Gain (Note 1) 

hpE 

10 

40 

10 

40 

10 

40 


Ic = 5A, VcE = 3V 

Base Saturation Voltage (Note 1) 

VeElsat) 

- 

1.6 

- 

1.6 

— 

1.6 

V 

< 

II 

m 

< 

ID 

II 

Collector Saturation Voltage (Note 1) 

VcElsatl 

— 

1 

— 

1 

— 

1 

V 

< 

r-1 

II 

< 

ID 

II 

Collector Saturation Voltage 

Tc = 125°C (Note 1) 

VcE(sat) 

- 

2 

- 

2 


2 

V 

Ic = 5A, Ib = lA 

Collector Saturation Voltage (Note 1) 

VcE(sat) 

_ 

2 

- 

2 

_ 

2 

V 

Ic = 8A, Ib = 4A 

Collector Emitter Voltage (Note 2) 

Vcex 

350 

- 

400 

- 

450 

- 

V 

L= 170/;H, Rbb = 50 

Vbe = -5V 

Ic = 5A, Ib = lA 

200 

- 

250 

- 

300 


V 

L = 170yvH, Rbb = 50 

Vbe = -5V 

Ic = 8A, Ib = 3A 

AC Current Gain 

|h.e| 

3 

12 

3 

12 

3 

12 


Ic = 0.2A 

VcE = lOV 
f =5MHz 

Gain-Bandwidth Product 

fx 

15 

60 

15 

60 

15 

60 

MHz 

< 

o 

II 

O 

< 

o~ 

k> 

> 

Output Capacitance Common Base 

Cobo 

50 

300 

50 

300 

50 

300 

PF 

VcB= lOV, f = 0.1MHz 

Switching Speeds 

Delay Time 


1 

0.1 


0.1 


1 

0.1 

AS 

lc = 5A, Ib= 1A 

Vcc = 125V 
tp = 20/7S 

Rise Time 

tr 

— 

0.5 

— 

0.5 

_ 

0.5 

Storage Time 

ts 

— 

2.5 

_ 

2.5 

_ 

2.5 

AS 

lc = 5A, -Ib= 1A 

Vcc = 125V 

tp = 20/iS 

Fail Time 

tf 

— 

0.4 

— 

0.4 

— 

0.4 

Crossover Time 

- -J 

tc 

- 

0.4 


0.4 

- 

0.4 

AS 

Ic = 5A, Ib 2 = lA 

Vcc = 125V 

Lc = 170yuH, Rc = 250 
Collector clamped to Vcex 

Switching Speeds 

Tc = 125^ 

Rise Time 

tr 


0.8 


0.8 

— 

0.8 

AS 

lc = 5A, Ib= 1A 

Vcc = 125V 
tp = 20/.<s 

Storage Time 

ts 

— 

4 

_ 

4 

— 

4 

AS 

lc = 5 A, -Ib= 1A 

Vcc = 125V 

tp -■ 20/7S 

Fall Time 

tf 

— 

0.8 


0.8 

— 

0.8 

Crossover Time 

tc 

- 

0.8 

- 

0.8 

- 

0.8 

AS 

Ic ~ 5A, Ib 2 ~ lA 

Vcc = 125V 

L = 170//H, Rc = 250 
Collector clamped to Vcex 

Thermal Resistance, Junction to Case 

R^jc 

- 

iJL 

_ 

1 

1.17 

- 

1.17 

°C/W 



*JEDEC registered values. 

Notes: 1. Pulse duration = 300a<s; duty factor < 2% 

2 CAUTION: The sustaining voltage Vceo(sus) and Vcex must not be measured on a curve tracer. 
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Vbbsati- BASE-TO-EMITTER 

DC FORWARD CURRENT TRANSFER RATIO SATURATION VOLTAGE (V) 


2N6671 2N6672 2N6673 


Typical Base-to-Emitter Saturation 
Voltage as a Function of Collector Current 



1 2 4 6 8 10 


Typical Collector-to-Emitter Saturation 
Voltage as a Function of Collector Current 



1 2 4 6 8 10 


Ic-COLLECTOR CURRENT (A) 


Ic-COLLECTOR CURRENT (A) 


Typical dc beta Characteristics 



01 2 4 681 2 468 10 

Ic-COLLECTOR CURRENT (A) 


Typical Saturated-Switching-Time 
Characteristics 



0 1 2 3 4 5 6 

Ic-COLLECTOR CURRENT (A) 
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STORAGE TIME (ts)-//s 




NORMALIZED TRANSIENT THERMAL RESISTANCE 


2N6671 2N6672 2N6673 


Typical Thermal-Respon<>e Characteristics 
(Normalized) 



Maximum Operating Areas 
(Tc = 25°C) 


\ — r“TT‘ 

Ic (Max) Pulsed 

r 

1 III 


lc(Max) Contmuoi 

INI 

DC Operatic 
Dissipation Limite 

'7 

d 

L_ 


For Single 
Nonrepetitive 
Pulse 

1 1 1 
Case Temperature (Tc) = 25°C 
(Curves must be Derated Linearly 
with Increase in Temperature) 


VcEo(Max) = 300V (2N6671) 
VcEo(Max) = 350V (2N6672) 
VcEo(Max) = 400V (2N6673) 



0 001 0 01 0 1 


10 


10 100 1000 


tp-PULSE WIDTH (s) 


Vce-COLLECTOR-TO-EMITTER VOLTAGE (V) 


Dissipation and Is/b Derating Curves 














\ 











\ 


1 


















1 



i 

K 




0 25 50 75 100 125 150 175 200 225 250 

Tc-CASE TEMPERATURE (°C) 
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POWER TRANSISTORS 

lOA, 400V NPN Mesa 


FEATURES 

DESCRIPTION 

• Collector Emitter Voltage: up to 650V 

These high voltage, multiple layer 

• Peak Collector Current: 20A 

epitaxial, glass passivated power 

• storage Time < 2.5/7S 1 

• Fall Time < O.S/js | 

transistors combine fast switching, low 

saturation voltage and rugged second- 
breakdown capability. They are designed 
for use in off-line power supplies, high 
voltage inverters and switching regulators. 


ABSOLUTE MAXIMUM RATiNGS^^ 

Collector Emitter Voltage, Vcev 

Collector Emitter Voltage, Vcex 

Collector Emitter Voltage, Vceo(sus) 

Emitter Base Voltage, Vebo 

Collector Current, Ic continuous 

Collector Current, lcM(peak) 

Base Current, 1 b continuous 

Power Dissipation, up to 25°C 

above 25°C, derate linearly 
Operating and Storage Temperature Range . . . 

*JEDEC registered values. 


2N6674 2N6675 

. 450V 650V 

. 350V 450V 

.300V 400V 

7V 

15A 

20A 

5A 

175W 

1W/°C 

. . -65°C to +200"C . . 


MECHANICAL SPECIFICATIONS 


NOTE; 

Leads may be soldered to within 
Vie" of base provided temperature- 
time exposure is less than 260°C 
for 10 seconds. 


A -h 



2N6674 2N6675 



INCHES 

MILLIMETERS 

A 

875 MAX 

22.23 MAX 

B 

135 MAX 

3 43 MAX 

c 

250- 043 DIA 

6 35-1143 

D 

312 MIN. 

7 92 MIN. 

E 

038- 043 DIA 

0 97-1 09 DIA 

F 

188 MAX RAD 

4 78 MAX RAD. 

G 

1 177-1 197 

29 90-30.40 

in 

655- 675 

16 64- 17 15 

J 

205- 225 

5.21-5 72 

K 

420-.440 

10 67-11 18 

L 

525 MAX RAD 

13 34 MAX RAD 

M 

151- 161 DIA 

3.84-4 09 DIA 



4/82 
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UNITRODE 




2N6674 2N6675 


ELECTRICAL SPECIFICATIONS (at 25°C unless noted) 


TEST 

SYMBOL 

2N6674 

2N6675 

UNITS 

TEST CONDITIONS 

MIN. 

MAX. 

MIN. 

MAX. 

Collector Cutoff Current 

IcEV 

- 

0.1 



mA 

Vce = 450V, Vbe = -1.5V 




0.1 

mA 

VcE = 650V, Vbe=-1.5V 

Collector Cutoff Current 

Tc = 100°C 

IcEV 

- 

1 

— 


mA 

Vce = 450V, Vbe = -1.5V 

_ 

— 

— 

1 

mA 

Vce = 650V, Vbe = -1.5V 

Emitter Base Cutoff Current 

Iebo 

— 

2 

— 

2 

mA 

Vbe = -7V, Ic = 0 

Collector Emitter Sustaining Voltage 
(Notes 1 & 2) 

VcEO(sus) 

300 

- 

400 

- 

V 

Ic = 0.2A, Ib =0 

DC Current Gain (Note 1) 

hpE 

8 

20 

8 

20 


Ic = lOA, VcE = 2V 

Base Saturation Voltage (Note 1) 

VBE(sat) 

- 

1.5 

— 

1.5 

V 

Ic = lOA, VcE = 2A 

Collector Saturation Voltage (Note 1) 

VcE(sat) 

— 

1 

— 

1 

V 

< 

CM 

II 

m 

< 

O 

f— 1 

II 

Collector Saturation Voltage 

Tc = 100°C (Note 1) 

VcE(sat) 

- 

2 

- 

2 

V 

< 

CM 

II 

CO 

< 

O 

II 

_o 

Collector Saturation Voltage (Note 1) 

VcE(sat) 

— 

5 

— 

5 

V 

Ic = 15A, Ib = 5A 

Collector Emitter Voltage (Note 2) 

VcEX 

350 

- 

450 

- 

V 

L = 50a/H, Rbb = 2Q 

Vbe = -4V, VcE is clamped 
Ic = lOA, Ib = 2A 

AC Current Gain 

1 hfel 

3 

10 

3 

10 


lc= lA 

VcE = lOV 
f =5MHz 

Gain-Bandwidth Product 

ft 

15 

50 

15 

50 

MHz 

m 

II 

O 

< 

o“ 

II 

> 

Output Capacitance Common Base 

Cobo 

150 

500 

150 

500 

PF 

VcB= lOA, f = 0.1MHz 

Switching Speeds 

Delay Time 

td 


0.1 

i 

0.1 

AS 

Ic = lOA, Ib = 2A 

Vcc = 125V, Vbe = -6V 
tp = 20fjs 

Rise Time 

tr 

— 

0.6 

— 

0.6 

Storage Time 

ts 

_ 

2.5 

_ 

2.5 

fJS 

Ic = lOA, -Ib = 2A 

Vcc = 125V, Vbe = -6V 
tp = 20fjs 

Fall Time 

tf 

— 

0.5 

— 

0.5 

Crossover Time 

tc 

- 

0.5 

- 

0.5 

JJS 

Ic = lOA, Ib 2 = 2A . 

Vcc = 135V, Vbe = -6V 

Lc = 50)uH, Rc< 13.5Q 
Collector clamped to Vcex 

Switching Speeds 

Tc = 100°C 

Rise Time 

tr 

— 

1 

— 

1 

fJS 

Ic = lOA, Ib = 2A 

Vcc = 125V, Vbe = -6V 
tp = 20/7S 

Storage Time 

ts 

— 

4 


4 

AS 

lc= lOA, -I b = 2A 

Vcc = 125V, Vbe = -6V 

tp = 20ijs 

Fall Time 

t, 

— 

1 

— 

1 

Crossover Time 

tc 

- 

0.8 

- 1 

0.8 

AS 

Ic = lOA, Ib2 = 2A 

Vcc = 135V, Vbe = -6V 

L = 50/./H, Rc< 13.5Q 
Collector clamped to Vcex 

1 

Thermal Resistance, Junction to Case 

R^jc 

- 

1 

- 

1 

°C/W 



*JEDEC registered values 

Notes: 1. Pulse duration = 300 a/s: duty factor < 2% 

2. CAUTION: The sustaining voltage Vceo(sus) and VcEx must not be measured on a curve tracer. 


UNITRODE CORPORATION • 5 FORBES ROAD 
LEXINGTON, MA 02173 • TEL. (617) 861-6540 
TWX (710) 326-6509 • TELEX 95-1064 


4-95 


PRINTED IN U.S.A. 




2N6674 2N6675 


Typical Base-to-Emitter Saturation 
Voltage as a Function of Collector Current 



1 2 6 8 10 20 40 60 100 


Ic-COLLECTOR CURRENT (A) 


Typical Collector-to-Emitter Saturation 
Voltage Characteristics 
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Ic-COLLECTOR CURRENT (A) 
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PERCENT OF RATED CURRENT NORMALIZED TRANSIENT THERMAL RESISTANCE 


2N6674 2N6675 


Typical Thermal-Response Characteristics 
(Normalized) 



0 001 0.01 0 1 1 10 
tp-PULSE WIDTH (s) 


Maximum Operating Areas 
For All Types (Tc = 25°C) 



1 10 100 

Vce~COLLECTOR-TO-EMITTER voltage (V) 



Dissipation and Is/b Derating Curves 



Maximum Operating Conditions for 
Switching Between Saturation 
and Cutoff 



VcEXlCLAMPED) — CLAMPED 

COLLECTOR-TO-EMITTER VOLTAGE (V) 
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POWER TRANSISTORS 

15A, 400V NPN Mesa 


2N6676 

2N6677 

2N6678 


FEATURES 


• Collector Emitter Voltage: up 

• Peak Collector Current: 20A 

• Storage Time < 2.5/;s) . . 

• Fall Time < 0.5/iS j ^ 


to 650V 
= 15A 


DESCRIPTION 

These high voltage, multiple layer 
epitaxial, glass passivated power 
transistors combine fast switching, low 
saturation voltage and rugged second- 
breakdown capability. They are designed 
for use in off-line power supplies, high 
voltage inverters and switching regulators. 


ABSOLUTE MAXIMUM RATINGS^ 

2N6676 


Collector Emitter Voltage, Vcev 450V 

Collector Emitter Voltage, Vcex 350V 

Collector Emitter Voltage, Vceo(sus) 300V 

Emitter Base Voltage, Vebo 

Collector Current, Ic continuous 

Collector Current, I CM(peak) . 

Base Current, Ib continuous 

Power Dissipation, up to 25°C 


above 25°C, derate linearly 
Operating and Storage Temperature Range . . . 


2N6677 

550V 

400V 

350V 

8V 

15A 

20A 

5A 

175W 

1W/“C 

-65°C to +200°C 


2N6678 

.650V 

.450V 

.400V 


*JEDEC registered values. 


MECHANICAL SPECIFICATIONS 


NOTE: 

Leads may be soldered to within 
Vie” of base provided temperature- 
time exposure is less than 260°C 
for 10 seconds. 


1 



■r 




A - 

— 

- 






B 

b 


- 



2N6676 2N6677 2N6678 


— 

INCHES 

MILLIMETERS 


875 MAX 

22 23 MAX 

B 

135 MAX 

3 43 MAX 

C 

250- 043 DIA 

6 35-11.43 

D 

312 MIN 

7 92 MIN. 


.038- 043 DIA 

0 97-1 09 DIA 

F 

188 MAX RAD 

4.78 MAX RAD. 

G 

1 177-1 197 

29 90-30 40 

H 

655- 675 

16 64- 17 15 

J 

205- 225 

5 21-5,72 

K 

420- 440 

10.67-11 18 

L 

525 MAX RAD 

13 34 MAX RAD 

M 

151- 161 DIA 

3 84-4 09 DIA 
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2N6676 2N6677 2N6678 


ELECTRICAL SPECIFICATIONS (at 25°C unless noted)* 


TEST 

SYMBOL 

2N6676 

2N6677 

2N6678 

UNITS 

TEST CONDITIONS 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

Collector Cutoff Current 

IcEV 

— 

0.1 

— 

— 

— 

— 

mA 

VcE = 450V. Vbe = -1.5V 

— 

- 

- 

0.1 

- 

— 

mA 

VcE = 550V, Vbe = -1.5V 

- 

- 

- 

- 

- 

0.1 

mA 

VcE = 650V, Vbe = -1.5V 

Collector Cutoff Current 

Tc=100°C 

IcEV 

— 

1 

— 

— 

_ 

— 

mA 

VcE = 450V, Vbe = -1.5V 

— 

— 

— 

1 

— 

— 

mA 

VcE = 550V, Vbe = -1.5V 

— 

— 

— 

— 

— 

1 

mA 

VcE = 650V, Vbe = -1.5V 

Emitter Base Cutoff Current 

Iebo 

- 

2 

- 

2 

— 

2 

mA 

Vbe = -8V. Ic = 0 

Collector Emitter Sustaining Voltage 
(Notes 1 & 2) 

VcEO(sus) 

300 

- 

350 

- 

400 

- 

V 

Ic = 0.2A, Ib =0 

DC Current Gain (Note 1) 

hpE 

8 

- 

8 

— 

8 

_ 


Ic = 15A, VcE = 3V 

Base Saturation Voltage (Note 1) 

VBE(sat) 

— 

1.5 

— 

1.5 

— 

1.5 

V 

Ic = 15A, Ib = 3A 

Collector Saturation Voltage (Note 1) 

VcE(sat) 

— 

1 

— 

1 

— 

1 

V 

Ic = 15A, Ib = 3A 

Collector Saturation Voltage 

Tc = 100°C 

VcE(sat» 

- 

2 

- 

2 

- 

2 

V 

Ic = 15A, Ib = 3A 

Collector Saturation Voltage (Note 1) 

VcE(sat) 

- 

1.5 

— 

1.5 

- 

1.5 

V 

Ic = 15A, Ib = 3A 

Collector Emitter Voltage (Note 2) 

Vcex 

350 

- 

400 

- 

450 

- 

V 

L = 50a/H, Rbb = 2n 

Vbe = -6V, VcE is clamped 
Ic = 15A, Ib = 3A 

AC Current Gain 

|h,e| 

3 

10 

3 

10 

3 

10 


lc= lA 

VcE = lOV 
f =5MHz 

Gain- Band width Product 

fx 

15 

50 

15 

50 

15 

50 

MHz 

VcE = lOV, Ic = lA 

Output Capacitance Common Base 

Cobo 

150 

500 

150 

500 

150 

500 

pF 

Vcb = lOV, f = 0.1 MHz 

Switching Speeds 

Delay Time 

td 


0.1 


0.1 


0.1 

A/s 

Ic = 15A, Ib = 3A 

Vcc = 200V, -Vbe = -6V 
tp = 20 a/s 

Rise Time 

t, 

— 

0.6 

— 

0.6 

— 

0.6 

Storage Time 

ts 

— 

2.5 

_ 

2.5 

_ 

2.5 

A/S 

Ic = 15A, -Ib 2 = 3A 

Vcc = 200V, -Vbe = -6V 
tp = 20 a/s 

Fall Time 

t, 

— 

0.5 

— 

1 

0.5 

— ; 

0.5 

Crossover Time 

tc 

- 

0.5 

- 

0.5 

- 

0.5 

A/s 

Ic = 15A, Ib = 3A 

Vcc = 200V, Vbe = -6V 

L = 50a/H, Rc < 13.500 
Collector clamped to Vcex 

Switching Speeds 

Tc = 100°C 

Rise Time 

tr 

- 

1 

- 

1 

- 

1 

A/S 

Ic = 15A, Ib = 3A 

Vcc = 200V, Vbe = -6V 

L = 50a/H, Rc < 13.50 
Collector Clamped to Vcex 

Storage Time 

ts 

_ 

4 


4 


4 

A/S 

Ic = 15A, -Ib 2 = 3A 

Vcc = 200V, Vbe =-6V 

L = 50a/H, Rc < 13.50 
Collector clamped to Vcex 

Fall Time 

tf 

- 

1 

- 

1 

- 

1 

Crossover Time 

tc 

- 

0.8 

- 

0.8 

- 

0.8 

A/S 

Ic = 15A, Ib = 3A 

Vcc = 200V, Vbe = -6V 

L = 50a/H, Rc< 13.50 
Collector clamped to Vcex 

Thermal Resistance, Junction to Case 

Rtfjc 

- 

1 

- 

1 

- 

1 

®C/W 



*JEDEC registered values. 

Notes: 1. Pulse duration = 300//s; duty factor < 2% 

2. CAUTION: The sustaining voltage Vceo(sus» and Vcex must not be measured on a curve tracer. 
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SATURATION VOLTAGE (V) 


2N6676 2N6677 2N6678 


Typical Pase-to- Emitter Saturation 
Voltage as a Function of Collector Current 


Ib = Ic/ 

5 

















pH 
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Typical Collector to-Emitter Saturation 
Voltage Cnaracteristics 
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lc~COLLECTOR CURRENT (A) 


Ic-COLLECTOR CURRENT (A) 
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Ic-COLLECTOR CURRENT (A) 
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PERCENT OF RATED CURRENT NORMALIZED TRANSIENT THERMAL RESISTANCE 


2N6676 2N6677 2N6678 


Typical Thermal-Response Characteristics 
(Normalized) 



tp-PULSE WIDTH (s) 


Maximum Operating Areas 
(Tc = 25°C) 



F Case Temperature (Tc) = 25°C- 
t (Curves must be Derated 
f Linearly with Increase 
in Temperature) 

— ^ 1— +-H ^ 1- 

VcEo(Max) = 300V (2N6676) 
~Vc6o(Max) = 350V (2N6677)" 
VcEo(Max) = 400V (2N6678) 


100 


Vce-COLLECTOR-TO-EMITTER VOLTAGE (V) 



Dissipation and Is/b Derating Curves 
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Tc-CASE TEMPERATURE (”C) 


Maximum Operating Conditions 
For Switching Between Saturation 
and Cutoff 



Vcex,clamped.-CLAMPED collector- 
TO-EMITTER VOLTAGE (V) 
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POWER TRANSISTORS 

15A, 400V NPN Mesa 


JAN, JANTX, & JANTXV 2N6676 
JAN, JANTX, & JANTXV 2N6678 


FEATURES 


• Collector Emitter Voltage: up 

• Peak Collector Current: 20A 

• Storage Time < 2.5//s) . , 

• Fall Time < 0.5yus f 


to 650V 
= 15A 


DESCRIPTION 

These high voltage, multiple layer 
epitaxial, glass passivated power 
transistors combine fast switching, low 
saturation voltage and rugged second- 
breakdown capability. They are designed 
for use in off-line power supplies, high 
voltage inverters and switching regulators. 


ABSOLUTE MAXIMUM RATINGS’^ 2N6676 

Collector Base Voltage, Vcbo 450V 

Collector Emitter Voltage, Vcex 450V 

Collector Emitter Voltage, Vceo(sus) 300V 

Emitter Base Voltage, Vebo 8V 

Collector Current, Ic continuous 15A 

Collector Current, lcM(peak) 20A 

Base Current, 1b continuous 5A 

Power Dissipation, up to 25°C 175W 

Power Dissipation, above 25°C, derate lineraly IW/^C 

Operating and Storage Temperature Range -65®C to +200°C 


2N6678 

.650V 
. 650V 
.400V 


MECHANICAL SPECIFICATIONS 


NOTE: 

Leads may be soldered to within 
Vie" of base provided temperature- 
time exposure is less than 260°C 
for 10 seconds. 



JAN, JANTX, & JANTXV 2N6676 
JAN, JANTX, & JANTXV 2N6678 



INCHES 

MILLIMETERS 

A 

.875 MAX. 

22.23 MAX. 

B 

135 MAX 

3 43 MAX. 

c 

250- 043 DIA. 

6.35-11.43 

D 

.312 MIN. 

7.92 MIN 

E 

.038- 043 DIA 

0.97-1 09 DIA 

F 

188 MAX RAD. 

4.78 MAX. RAD 

G 

1.177-1.197 

29.90-30.40 

H 

655- 675 

16 64-.17.15 

J 

.205- 225 

5 21-5.72 

K 

420-.440 

10.67-11.18 

L 

525 MAX RAD 

13.34 MAX. RAD. 

M 

151- 161 DIA. 

3.84-4 09 DIA 
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JAN, JANTX, & JANTXV 2N6676 
JAN, JANTX, & JANTXV 2N6678 


ELECTRICAL SPECIFICATIONS (at 25°C unless noted)'^ 


TEST 

SYMBOL 

2N6676 

2N6678 

UNITS 

TEST CONDITIONS 

MIN. 

MAX. 

MIN. 

MAX. 

Collector Cutoff Current 

ICEX 

_ 

0.1 

— 

- 

mA 

Vce = 450V, Vbe = -1.5V 

- 

— 

— 

0.1 

mA 

VcE = 650V, Vbe = -1.5V 

Collector Cutoff Current 

Tc = 125‘’C 

ICEX 


1 

— 

- 

mA 

VcE = 450V, Vbe = -1.5V 

_ 

— 

— 

1 

mA 

VcE = 650V, Vbe = -1.5V 

Emitter Base Cutoff Current 

Iebo 

- 

2 

— 

2 

mA 

Vbe = -8V, Ic = OV 

Collector Emitter Sustaining Voltage 
(Notes 1 & 2) 

VCEO(SUS) 

300 

- 

400 

- 

V 

Ic = 0.2A, Ib = OV 

DC Current Gain (Note 1) 

hFE 

15 

40 

15 

40 


Ic = l.OA, VcE = 3V 

DC Current Gain (Note 1) 

hFE 

8 

20 

8 

20 


Ic = 15A, VcE = 3V 

Base Saturation Voltage (Note 1) 

VBE(sat) 

— 

1.5 

— 

1.5 

V 

< 

CO 

II 

_CQ 

< 

IT) 

It 

_o 

Collector Saturation Voltage (Note 1) 

VcE(sat) 

- 

1 

— 

1 

V 

< 

CO 

II 

JQ 

< 

Lf) 

II 

_o 

Collector Saturation Voltage 

Tc = 125°C 

VcE(sat) 

- 

2 

- 

2 

V 

Ic = 15A, Ib = 3A 

Collector Saturation Voltage (Note 1) 

VcE(sat) 

- 

1.5 

— 

1.5 

V 

Ic = 15A, Ib = 3A 

AC Current Gain 

Ihfel 

3 

10 

3 

10 


lc= lA 

VcE = lOV 
f = 5MHz 

Gain-Bandwidth Product 

fT 

15 

50 

15 

50 

MHz 

VcE = lOV, Ic = lA 

Output Capacitance Common Base 

Co bo 

150 

500 

150 

500 

PF 

VcB= lOV, f = 0.1MHz 

Switching Speeds 

Delay Time 

td 



0.1 

_ 

0.1 

fJS 

Ic = 15A, Ib = 3A 

Vcc = 200V, -Vbe = -6V 
tp — 20yL/S 

Rise Time 

tr 

- 

0.6 

- 

0.6 

Storage Time 

ts 

_ 

2.5 

— 

2.5 

fJS 

Ic = 15A, -Ib 2 = 3A 

Vcc = 200V, -Vbe = -6V 
tp = 20yL(S 

Fall Time 

tf 

- 

0.5 

- 

0.5 

Crossover Time 

tc 

- 

0.5 

- 

0.5 

AS 

Ic = 15A, Ib = 3A 

Vcc = 200V, Vbe = -6V 

L = 50/.<H, Rc < 13.500 
Collector clamped to Vcex 

Switching Speeds, Ta = 125°C 

Delay Time 

td 



0.1 

_ 

0.1 

AS 

Ic = 15A, Ib = 3A 

Vcc = 200V, Vbe = -6V 

L = 50//H, Rc < 13.50 
Collector clamped to Vcex 

Rise Time 

tr 

— 

1 



1 

1 

AS 

Storage Time 

ts 



4 


4 

AS 

Ic = 15A, -Ib 2 = 3A 

Vcc = 200V, Vbe = -6V 

L = 50yuH,Rc< 13.50 
Collector clamped to Vcex 

Fall Time 

tf 

- 

1 

- i 

1 

Crossover Time 

tc 

- 

0.8 


0.8 

AS 

Ic = 15A, Ib = 3A 

Vcc = 200V, Vbe = -6V 

L = 50/iH, Rc< 13.50 
Collector clamped to Vcex 

Thermal Resistance, Junction to Case 

R^jc 

- 

1 

- 

1 

®C/W 



*JEDEC registered values. 

Notes: 1. Pulse duration =300//s: duty factor < 2% 

2. CAUTION: The sustaining voltage VceO(sus) and Vcex rnust not be measured on a curve tracer. 


UNITRODE CORPORATION • 5 FORBES ROAD 
LEXINGTON, MA 02173 • TEL. (617) 861-6540 
TWX (710) 326-6509 • TELEX 95-1064 


4-103 


PRINTED IN 


■ S A. 




SATURATION VOLTAGE, (V) 


JAN, JANTX, & JANTXV 2N6676 
JAN, JANTX, & JANTXV 2N6678 


Typical Base-to- Emitter Saturation 
Voltage as a Function of Collector Current 
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Ic-COLLECTOR CURRENT (A) 


Typical Collector-to-Emitter Saturation 
Voltage Characteristics 
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Ic-COLLECTOR CURRENT (A) 
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PERCENT OF RATED CURRENT NORMALIZED TRANSIENT THERMAL RESISTANCE 


JAN, JANTX, & JANTXV 2N6676 
JAN, JANTX, & JANTXV 2N6678 


Typical Thermal-Response Characteristics 
(Normalized) 



0 001 0 01 0 1 1 10 
tp-PULSE WIDTH (s) 


Maximum Operating Areas 
(Tc = 25°C) 



Vce-COLLECTOR-TO- EMITTER VOLTAGE (V) 



Dissipation and Is/b Derating Curves 
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POWER MOSFET TRANSISTORS 

100 Volt, 0.18 Ohm 
N-Channel 


2N6755 
J, JTX, JTXV 2N6756 


FEATURES 

• Fast Switching 

• Low Drive Current 

• Ease of Paralleling 

• No Second Breakdown 

• Excellent Temperature Stability 

• Qualified to MIL-S-19500/542A 


DESCRIPTION 

The Unitrode power MOSFET design utilizes the most advanced technology available. 
This efficient design achieves a very low Roston) and a high transconductance. 

The Unitrode power MOSFET features all of the advantages of MOS technology such as 
voltage control, freedom from second breakdown, very fast switching speeds, and 
thermal stability. 

These power MOSFETS are ideally suited for many high-speed, high-power switching 
applications such as switching power supplies, motor controls, and wide-band and 
audio amplifiers. 


PRODUCT SUMMARY 


Part Number 

Vds 

RDS(on) 

Id 

2N6755 

60V 

0.250 

12A 

2N6756 

lOOV 

0.180 

14A 


MECHANICAL SPECIFICATIONS 


2N6755 


22.22 (0.8751 
2^2 MAX.OIA. 

JAN, JANTX, & JANTXV 2N6756 

11 43 (0,450) 

1 1.15l8250i 

(0.1351 MAX r * 

-LJ : 



TWO PLACES 

np 

SEATING 

PLANE 

1 1 

L_ 1016(0. 

1 TWOP 

40) MIN. 

LACES 



Dimensions in Millimeters and (inches) 





UNITRODE 


11/83 


4-106 





ABSOLUTE MAXIMUM RATINGS 


2N6755 

JAN, JANTX, & JANTXV 2N6756 


Parameter | 

2N6755 

2N6756 

Units 

CO 

Q 

> 

Dram - Source Voltage 

60* 

100* 

V 

^DGR 

Drain - Gate Voltage (RQg = 1 Mil) 

60* 

100* 

V 

Id@ Tc = 250C 

Continuous Dram Current 

12* 

14* 

A 

Iq@ Tc = lOOOC 

Continuous Dram Current 

8 0* 

9 0* 

A 

'dm 

Pulsed Dram Current 

25 

30 

A 

^GS 

Gate - Source Voltage 

±20* 

V 

Pd @ Tc = 25OC 

Max. Power Dissipation 

75* (See Fig. 11) 

W 

Pd @ Tc = 100°C 

Max. Power Dissipation 

30* (See Fig 11) 

W 

Linear Derating Factor 

0.6* (See Fig 11) 

W/K 

'lm 

Inductive Current, Clamped 

(See Fig 1 and 2) L = 100 mH 

25 1 30 

A 

Tj 

^stg 

Operating and 

Storage Temperature Range 

-55* to 150* 

OC 

Lead Temperature | 

3(X)* (0.063 m (1 6mm) from case for 10s) 

OC 


ELECTRICAL CHARACTERISTICS @ T^ = 25°C (Unless otherwise specified) 


Parameter 

Type 

Mm. 

Typ. 

Max. 

Units 

Test Conditions 

BVdss Dram — Source Breakdown Voltage 

2N6755 

60 

- 

- 

V 

Vgs = o 

Iq = 1.0 mA 

2N6756 

100 

- 

- 

V 

^GS(th) Threshold Voltage 

ALL 

2.0* 

- 

4.0* 

V 

^DS " ^GS' >D 

'gSSF Gate — Body Leakage Forward 

ALL 

- 

- 

100* 

nA 

Vgs = 20V 

'gsSR Gate - Body Leakage Reverse 

ALL 

- 

- 

100* 

nA 

Vgs = -20V 

Iq 5S Zero Gate Voltage Dram Current 

ALL 

- 

0.1 

1.0* 

mA 

Vds = Max. Rating, VQg = 0 

- 

0.2 

4.0* 

mA 

Vds = Max. Rating, VQg = 0, Tq = 125°C 

^DS(on) Dram-Source On-State 

Voltage 

2N6755 

- 

- 

3.0* 

V 

Vgs = 10V, Id = 12A 

2N6756 

- 

- 

2.52* 

V 

Vgs = 10V, Id = 14A 

RDS(on) Static Dram-Source On-State 
Resistance 

2N6755 

- 

0.20 

0 25* 

n 

Vgs = 10V, 'd= 8a 

2N6756 

- 

0 14 

0 18* 

n 

Vqs -= 10V, Id - 9a 

RDS(on) Static Dram-Source On-State 
Resistance ^ 

2N6755 

- 

- 

0.45* 

n 

Vqs = 10V, Iq - 8A, Tq = 125°C 

2N6756 

- 

- 

0 33* 

n 

Vqs = 10V, Iq - 9A, Tq = 125°C 

g^^ Forward Transconductance 

ALL ' 

4.0* 

5.5 

12 0* 

S (13) 

Vds 15V, Id = 9a 

C,j5 Input Capacitance 

ALL 

350* 

600 

800* 

pF 

Vqs = 0 , Vds = 25v, f = i o mhz 

See Fig 10 

Coss Output Capacitance 

ALL 

150* 

300 

500* 

pF 

Crss Reverse Transfer Capacitance 

ALL 

50* 

100 

150* 

pF 

td (qp) Turn-On Delay Time 

ALL 

- 


30* 

ns 

Vdd = 36V, Id - 9A, Zq - 15n 
(See Figs 1 3 and 14) 

(MOSFET switching times are essentially 

independent of operating temperature.) 

t^ Rise Time 

ALL 

- 

- 

75* 

ns 

^d (off) Turn-Off Delay Time 

ALL 

- 

- 

40* 

ns 

t^ Fall Time 

ALL 

- 

- 

45* 

ns 


THERMAL RESISTANCE 


^thJC 

Junction-to-Case 

ALL 

- 

- 

1 67* 

K/W 


^thCS 

Case-to-Smk 

ALL 

- 

0.1 

- 

K/W 

Mounting surface flat, smooth, and greased. 

^thJA 

Ju net lon-to- Ambient 

ALL 

- 

- 

30 

K/W 

Free Air Operation 


BODY-DRAIN DIODE RATINGS AND CHARACTERISTICS 


's 

Continuous Source Current 

2N6755 

- 

- 

12* 

A 

Modified MOSF ET symbol ^ 



(Body Diode) 

2N6756 

- 

- 

14* 


showing the integral /O"" 

reverse P-N junction rectifier. ^ 


'SM 

Pulsed Source Current 

2N6755 

- 


25 


/ 


(Body Diode) 

2N6756 

- 

- 

30 


I 

VsD 

Diode Forward Voltage 

2N6755 

0 85* 

- 

1.7* 

V 

Tc = 250C, ls= 12 A,Vgs = 0 


2N6756 

0.90* 

- 

1.8* 

V 

Tc - 25°C, Ig - 14 A,Vgs-0 

Vr 

Reverse Recovery Time 

ALL 

-- 

300 

- 

ns 

Tj = 150°C, Ip = Ig^^, dip/dt = 100 A/ms 

‘^RR 

Reverse Recovered Charge 

ALL 

- 

i’o 

-- 

juC 

Tj = 150°C, Ip = Igfy^, dIp/dt = 100 A/ms 


*JEDEC registered values Pulse Test Pulse Width ^ 300 Msec, Duty Cycle ^ 2% 


Fig. 1 — Clamped Inductive Test Circuit Fig. 2 — Clamped Inductive Waveforms 


Vgs = 
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.TRANSCONDUCTANCE (SIEMENS) Iq, DRAIN CURRENT (AMPERES) |0, DRAIN CURRENT (AMPERES) 


2N6755 

JAN, JANTX, & JANTXV 2N6756 


Fig. 3 — Typical Output Characteristics 



Vos, drain to SOURCE VOLTAGE (VOLTS) 


Fig. 4 — Typical Transfer Characteristics 



0 2 4 6 8 10 


Vqs. gate to source VOLTAGE (VOLTS) 


Fig. 5— Typical Saturation Characteristics 
{2N6755) 



0 0 4 0 8 1.2 1 6 2 0 

Vqs, drain to SOURCE VOLTAGE (VOLTS) 


Fig. 6- Typical Saturation Characteristics 
(2N6756) 



0 0 4 0.8 1 2 1 6 2 0 

Vos. DRAIN TO SOURCE VOLTAGE (VOLTS) 


ig. 7 — Typical Transconductance Vs. Drain Current Fig. 8 — Maximum Safe Operating Area 
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RQS(on} DRAIN-TO-SOURCE ON RESISTANCE 

Pq, POWER OISSIPATION (WATTS) (NORMALIZED) 


2N6755 

JAN, JANTX, & JANTXV 2N6756 


Fig. 9— Normalized Typical On>Resistance Vs. Temperature 



-40 0 40 80 120 160 

Tj, JUNCTION TEMPERATURE (“O 


Fig. 10 - Typical Capacitance Vs. Drain-to-Source Voltage 



Vos. DRAIN TO SOURCE VOLTAGE (VOLTS) 




0 20 40 60 80 100 120 140 

Tc.CASE TEMPERATURE (“O 



Fig. 13 — Switching Time Test Circuit 


Fig. 14 — Switching Time Waveforms 
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POWER MOSFET TRANSISTORS 

200 Volt, 0.4 Ohm 
N-Channel 


2N6757 
J, JTX, JTXV 2N6758 


DESCRIPTION 

The Unitrode power MOSFET design utilizes the most advanced technology available. 
This efficient design achieves a very low RDS(on) and a high transconductance. 

The Unitrode power MOSFET features all of the advantages of MOS technology such as 
voltage control, freedom from second breakdown, very fast switching speeds, and 
thermal stability. 

These power MOSFETS are ideally suited for many high-speed, high-power switching 
applications such as switching power supplies, motor controls, and wide-band and 
audio amplifiers. 


PRODUCT SUMMARY 


Part Number 

Vds 

RoSCon) 

•d 

2N6757 

150 V 

0.6Q 

8A 

2N6758 

200V 

0.4Q 

9A 


FEATURES 

• Fast Switching 

• Low Drive Current 

• Ease of Paralleling 

• No Second Breakdown 

• Excellent Temperature Stability 

• Qualified to MIL-S-19500/542A 


MECHANICAL SPECIFICATIONS 


2N6757 


(0135) MAX f 


JAN, JANTX, & JANTXV 2N6758 


i|f|g^0(A_JL 10 16 (040) MIN 
I r TWO PLACES 



Dimensions in Millimeters and (Inches) 



11/83 
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UNITRODE 





2N6757 

JAN, JANTX, & JANTXV 2N6758 


ABSOLUTE MAXIMUM RATINGS 


Parameter ] 

2N6757 

2N6758 

Units 

Vqs 

Drain — Source Voltage 

150* 

200* 

V 

Vdgr 

Drain - Gate Voltage (Rqs " ^ 

150* 

200* 

V 

Id@Tc’25‘>C 

Continuous Drain Current 

8.0* 

9.0* 

A 

l0@Tc» IOQOC 

Continuous Drain Current 

5.0* 

6.0* 

A 

•dm 

Pulsed Drain Current 

12 

15 

A 

Vqs 

Gate - Source Voltage 

4:20* 

V 

**0 ® Tc = 25®C 

Max. Power Dissipation 

75* (See Fig. 11) 

W 


Max. Power Dissipation 

30* (See Fig. 11) 

W 

Linear Derating Factor | 

0.6* (See Fig. 11) 

W/K 

•lm 

Inductive Current, Clamped 

(See Fig. 1 and 2) L = 100 mH 

12 [ 15 

A 

Tj 

^.tg 

Operating and 

Storage Temperature Range 

-55* to 150* 

oc 

Lead Temperature | 

300* (0.063 in. (1.6mm) from case for 10s) 

oc 


ELECTRICAL CHARACTERISTICS @ Tq = 25°C (Unless otherwise specified) 


Parameter 

Type 

Min. 

Typ. 

Max. 

Units 

Test Conditions 

BVdss 

Drain — Source Breakdown Voltage 

2N6757 

150 

- 

- 

V 

Vgs = o 



2N6758 

200 

- 

- 

V 

Iq = 1.0 mA 

''GS(th) 

Gate Threshold Voltage 

ALL 

2.0* 

- 

4.0* 

V 

^os "" ^GS' 'd = • 

•gssf 

Gate — Body Leakage Forward 

ALL 

- 

- 

100* 

nA 

Vgs = 20V 

•gssr 

Gate — Body Leakage Reverse 

ALL 

- 

- 

100* 

nA 

Vqs = -20V 

•dss 

Zero Gate Voltage Drain Current 

ALL 

- 

0.1 

1.0* 

mA 

Vds = Max. Rating, Vqs = 0 



- 

0.2 

4.0* 

mA 

Vo 5 = Max. Rating, Vqs = 0, T^ = 125°C 

''DS(on) 

Static Drain-Source On-State 

Voltage 

2N6757 

- 

- 

4.8* 

V 

Vgs=''0V. Id = 8A 


2N6758 

- 

- 

3.6* 

V 

VgS=^0V.Id = 9A 

•^DSfon) 

Static Drain-Source On-State 
Resistance (^ 

2N6757 

- 

0.4 

0.6* 

n 

Vgs= 10V, Id= 5A 


2N6758 

- 

0.25 

0.4* 

SI 

Vgs= 10V,Id = 6A 

•^DS(on) 

Static Drain-Source On-State 
Resistance 

2N6757 

- 

- 

1.13* 

n 

Vgs = 10V, Id = oa, t^ = i25°c 


2N6758 

- 

- 

0.75* 

SI 

Vqs = 10V, |0 = 6A, Tq -- 125°C 

®fs 

Forward Transconductance ^ 

ALL 

3.0* 

5.0 

9.0* 

S (U) 

Vqs " I^V, Iq = 6A 

Ciss 

Input Capacitance 

ALL 

350* 

600 

800* 

pF 

Vgs = 0, Vqs = 25v, f = i .0 mhz 

See Fig. 10 

^oss 

Output Capacitance 

ALL 

100* 

250 

450* 

pF 

Crss 

Reverse Transfer Capacitance 

ALL 

40* 

80 

150* 

pF 

*d (on) 

Turn-On Delay Time 

ALL 

- 

- 

30* 

ns 

VdD-OOV, Id = 6A,Zo= 15n 

V 

Rise Time 

ALL 

- 

- 

50* 

ns 

(See Figs. 13 and 14) 

^d (off) 

Turn-Off Delay Time 

ALL 

- 

- 

50* 

ns 

(MOSFET switching times are essentially 

'f 

Fall Time 

ALL 

- 

- 

40* 

ns 

independent of operating temperature.) 


THERMAL RESISTANCE 


^thJC 

Junction-to-Case 

ALL 

- 

- 

1.67* 

K/W 


•^thCS 

Case-to-Sink 

ALL 

- 

0.1 

- 

K/W 

Mounting surface flat, smooth, and greased. 

^thJA 

Junction-to- Ambient 

ALL 

- 

- 

30 

K/W 

Free Air Operation 


BODY-DRAIN DIODE RATINGS AND CHARACTERISTICS 


•s 

Continuous Source Current 
(Body Diode) 

2N6757 

- 

- 

8.0* 

A 

Modified MOSFET symbol ..J 

showing the integral /I*” 

reverse P-N junction rectifier. 


2N6758 

- 

- 

9.0* 

‘SM 

Pulsed Source Current 
(Body Diode) 

2N6757 



- 

12 

A 

2N6758 

- 

- 

15 

''SD 

Diode Forward Voltage 

2N6757 

0.75* 

- 

1.50* 

V 

Tc= 25°C, ls = 8A, Vgs = 0 



2N6758 

0.80* 

- 

1.60* 

V 

Tc = 25°C, Is = 9A,Vgs = 0 

Vr 

Reverse Recovery Time 

ALL 

- 

650 

- 

ns 

Tj = 150°C, Ip = Igi^, dip/dt = 100 A/ps 

Qrr 

Reverse Recovered Charge 

ALL 

- 

10 

- 

pC 

Tj = 150OC, Ip = IsM-dlp/'ll = 100 A/ms 


•JEDEC registered values. O Pulse Test: Pulse Width ^ 300 ^sec. Duty Cycle ^ 2% 


Fig. 1 — Clamped Inductive Test Circuit Fig. 2 — Clamped Inductive Waveforms 
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S.TRANSCONOUCTANCE (SIEMENS) Iq. DRAIN CURRENT (AMPERES) Iq, DRAIN CURRENT (AMPERES) 


2N6757 

JAN, JANTX, & JANTXV 2N6758 


Fig. 3 — Typical Output Characteristics 



Vqs, drain to source voltage (VOLTS) 



0 12 3 4 5 6 7 

Vgs, gate to SOURCE VOLTAGE (VOLTS) 


Fig. 5— Typical Saturation Characteristics 
(2N6757) 



0 1 2 3 4 5 

Vqs, DRAIN TO source voltage (VOLTS) 


Fig. 6- Typical Saturation Characteristics 
(2N6758) 



0 1 2 3 4 5 

Vqs, DRAIN-TO SOURCE VOLTAGE (VOLTS) 


7 — Typical Transconductance Vs. Drain Current 



0 2 4 6 8 10 

iQ, DRAIN CURRENT (AMPERES) 



5.0 10 20 50 100 200 500 

Vqj, DRAIN TO-SOURCE VOLTAGE (VOLTS) 
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2N6757 

JAN, JANTX, & JANTXV 2N6758 



-40 0 40 80 120 160 

Tj, JUNCTION TEMPERATURE (OC) 


Fig. 10 — Typical Capacitance Vs. Drain-to-Source Voltage 



0 10 20 30 40 50 

Vds, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 11 — Power Vs. Temperature Derating Curve 



0 20 40 60 80 100 120 140 

tq, case temperature (“0 


Fig. 13 — Switching Time Test Circuit 



Fig. 12 — Typical Body-Drain Diode Forward Voltage 



0 1 2 
Vso,SOURCE-TO-DRA1N voltage (VOLTS) 


Fig. 14 — Switching Time Waveforms 
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POWER MOSFET TRANSISTORS 

400 Volt, 1.0 Ohm 
N-Channel 


2N6759 
J, JTX, JTXV 2N6760 


FEATURES 

• Fast Switching 

• Low Drive Current 

• Ease of Paralleling 

• No Second Breakdown 

• Excellent Temperature Stability 

• Qualified to MIL-S-19500/542A 


DESCRIPTION 

The Unitrode power MOSFET design utilizes the most advanced technology available. 
This efficient design achieves a very low Roston) and a high transconductance. 

The Unitrode power MOSFET features all of the advantages of MOS technology euch as 
voltage control, freedom from second breakdown, very fast switching speeds, and 
thermal stability. 

These power MOSFETS are ideally suited for many high-speed, high-power switching 
applications such as switching power supplies, motor controls, and wide-band and 
audio amplifiers. 


PRODUCT SUMMARY 


Part Number 

Vds 

RDS(on) 

Id 

2N6759 

350V 

1.50 

4.5A 

2N6760 

400V 

1.00 

5.5A 


MECHANICAL SPECIFICATIONS 


3 42 

(0 135) MAX 


i 


22 22 (0 875) 
MAX OlA 



1143(0450) 
6 35(0 2 50) 


3 1 SEATING 

f PLANE 



TWO PLACES 


10 16 (040) MIN 
TWO PLACES 


2N6759 

JAN, JANTX, & JANTXV 2N6760 



Dimensions in Millimeters and (Inches) 



11/83 


4-114 


UNITRODE 





ABSOLUTE MAXIMUM RATINGS 


2N6759 

JAN, JANTX, & JANTXV 2N6760 


Parameter ] 

2N6759 

2N6760 

Units 

^DS 

Drain — Source Voltage 

350* 

400* 

V 

Vdgr 

Drain - Gate Voltage (Rqs ~ 

350* 

400* 

V 

Iq@Tc = 250C 

Continuous Drain Current 

4.5* 

5.5* 

A 

Iq@Tc= 100OC 

Continuous Drain Current 

3.0* 

3.5* 

A 

'dm 

Pulsed Drain Current 

7.0 

8.0 

A 


Gate - Source Voltage 

120* 

V 

Pq @ Tc = 25°C 

Max. Power Dissipation 

75* (See Fig. 11) 

W 

Pd@Tc= 100°C 

Max. Power Dissipation 

30* (See Fig. 11) 

W 

Linear Derating Factor | 

0.6* (See Fig. 11) 

W/K 

'lm 

Inductive Current, Clamped 

(See Fig. 1 and 2) L = 100 mH 

7.0 1 8.0 

A 

Tj 

^stg 

Operating and 

Storage Temperature Range 

-55* to 150* 

oc 

Lead Temperature | 

300* (0.063 in. {1.6mm) from case for 10s) 

OC 


ELECTRICAL CHARACTERISTICS @ Tc = 25°C (Unless otherwise specified) 


Parameter 

Type 

Min. 

Typ. 

Max. 

Units 

Test Conditions 

S'^DSS 

Drain - Source Breakdown Voltage 

2N6759 

350 

- 

- 

V 

Vgs = o 



2N6760 

400 

- 

- 

V 

1 Q = 1 .0 m A 

^GS(th) 

Gate Threshold Voltage 

ALL 

2.0* 

- 

4.0* 

V 

Vds = Vgs. Id = ‘''^a 

'gssf 

Gate - Body Leakage Forward 

ALL 

- 

- 

100* 

nA 

Vgs = 20V 

•gssr 

Gate - Body Leakage Reverse 

ALL 

- 

- 

100* 

nA 

Vgs = -20V 

'dss 

Zero Gate Voltage Drain Current 

ALL 

- 

0.1 

1.0* 

mA 

Vqs = Rating, Vgs ~ ® 



_ 

0.2 

4.0* 

mA 

Vqs = Max. Rating, Vgs = 0- = 125°C 

VDS(on) Static Drain-Source On-State 

2N6759 

- 

- 

7.0* 

V 

Vqs = 10V, Iq = 4.5A 


voltage 

2N6760 

- 

- 

6.7* 

V 

Vqs = 10V, Ip = 5.5A 

•^DSIon) 

Static Drain-Source On-State 
Resistance 

2N6759 

- 

1.0 

1.5* 

n 

Vgs=10V, Id = 3A 


2N6760 1 

- 

0.8 ' 

1.0* 

n 

Vgs = 10V, Id = 3.5a 

'^DS(on) 

Static Drain-Source On-State 
Resistance ^ 

2N6759 

- 

- 

3.3* 

n 

VgS=10V, Id = 3A,Tc=1250C 


2N6760 

- 

- 

2.2* 

a 

Vgs = 'd " 3.5A, Tq = 125°C 

9fs 

Forward Transconductance (^ 

ALL 

3.0* 

4.5 

9.0* 

S {IS) 

VdS= 15V, Io = 3.5A 

^iss 

Input Capacitance 

ALL 

350* 

600 

800* 

pF 

Vqs = 0, Vqs = 25V, f = 1 .0 MHz 

See Fig. 10 

Coss 

Output Capacitance 

ALL 

50* 

150 

300* 

PF 

^rss 

Reverse Transfer Capacitance 

ALL 

20* 

40 

80* 

pF 


*d (on) 

Turn-On Delay Time 

ALL 

1 

- 

- 

30* 

ns 

1 

Vqq= 175V, Iq = 3.5A, Zq = 1 5n 

t^ Rise Time 

ALL 

- 

- 

35* 

1 

ns 

(See Figs. 13 and 14) 

^d (off) 

Turn-Off Delay Time 

ALL 

- 

- 

55* ' 

ns 

(MOSFET switching times are essentially 

t^ Fall Time 

ALL 

- 

- 

35* 

ns 

independent of operating temperature.) 


THERMAL RESISTANCE 


^thJC 

Junction-to-Case 

ALL 


- 

1.67* 

K/W 


^thCS 

Case-to-Sink 

ALL 


0 1 

- 

K/W 

Mounting surface flat, smooth, and greased 

•^thJA 

Junction-to- Ambient 

I ALL 

- 

- 

30 

K/W 

Free Air Operation 


BODY DRAIN DIODE RATINGS AND CHARACTERISTICS 


's 

Continuous Source Current 

2N6759 

- 


4.5* 

A 

Modified MOSFET symbol 

showing the integral 

reverse P-N junction rectifier. q 

1 


(Body Diode) 

2N6760 

- 


5.5* 



'SM 

Pulsed Source Current 

2N6759 

- 


7.0 




(Body Diode) 

2N6760 

- 

- 

8.0 


1 

1 

VSD 

Diode Forward Voltage 

2N6759 

0.70* 

- 

1.4* 

V 

Tc = 25^0, Is = 4.5A, Vgs = 0 


2N6760 

0.75* 

-- 

1.5* 

V 

Tq = 25°C, Is = 5.5A, Vqs = 0 

Reverse Recovery Time 

ALL 

' 

550 

- 

ns 

Tj = 150°C, Ip = IgM, dip/dt = 100 A/ms 

Qrr 

Reverse Recovered Charge 

ALL 

1 

8.0 

- 

mC 

Tj = 150°C, Ip = IgM, dIp/dt = 100 A/ms 


•JEDEC registered values. (]]) Pulse Test; Pulse Width ^ 300 Msec, Duty Cycle ^ 2% 


Fig. 1 — Clamped Inductive Test Circuit Fig, 2 — Clamped Inductive Waveforms 
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2N6759 

JAN, JANTX, & JANTXV 2N6760 


Fig. 3 — Typical Output Characteristics 
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0 50 100 150 200 250 300 


Vos, DRAIN TO SOURCE VOLTAGE (VOLTS) 

Fig. 5— Typical Saturation Characteristics 
{2N6759) 



0 2 4 6 8 10 

Vqs, drain to source voltage (VOLTS) 


Fig. 4 — Typical Transfer Characteristics 



0 1 2 3 4 5 6 7 

Vqs, GATE-TO-SOURCE voltage (VOLTS) 


Fig. 6— Typical Saturation Characteristics 



0 2 4 6 8 10 

Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 7 — Typical Transconductance Vs. Drain Current 
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RoS(on) ORAIN-TO-SOURCE ON RESISTANCE 

Pq. POWER DISSIPATION (WATTS) ^ (NORMALIZED) 


2N6759 

JAN, JANTX, & JANTXV 2N6760 



-40 0 40 80 120 160 

Tj, JUNCTION TEMPERATURE (OC) 


Fig. 10 — Typical Capacitance Vs. Drain-to-Source Voltage 
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Vqs. drain TO SOURCE VOLTAGE (VOLTS) 


=ig. 11 — Power Vs. Temperature Derating Curve 



0 20 40 60 80 100 120 140 

Tc, CASE TEMPERATURE (OC) 

Fig. 13 — Switching Time Test Circuit 



Fig. 12 — Typical Body-Drain Diode Forward Voltage 



0 1 

Vso, SOURCE-TO DRAIN VOLTAGE (VOLTS) 


Fig. 14 — Switching Time Waveforms 
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POWER MOSFET TRANSISTORS 

500 Volt, 1.5 Ohm 
N-Channel 


2N6761 
J, JTX, JTXV 2N6762 


FEATURES 

• Fast Switching 

• Low Drive Current 

• Ease of Paralleling 

• No Second Breakdown 

• Excellent Temperature Stability 

• Qualified to MIL-S-19500/542A 


DESCRIPTION 

The Unitrode power MOSFET design utilizes the most advanced technology available. 
This efficient design achieves a very low RDS(on) and a high transconductance. 

The Unitrode power MOSFET features all of the advantages of MOS technology such as 
voltage control, freedom from second breakdown, very fast switching speeds, and 
thermal stability. 

These power MOSFETS are ideally suited for many high-speed, high-power switching 
applications such as switching power supplies, motor controls, and wide-band and 
audio amplifiers. 


PRODUCT SUMMARY 


Part Number 

Vds 

RDS(on) 

•d 

2N6761 

450V 

2.0Q 

4.0A 

2N6762 

500V 

i.5n 

4.5A 


MECHANICAL SPECIFICATIONS 


2N6761 


(0 135) MAX. r 


oiA _JL_ 

TWO PLACES 


JAN, JANTX, & JANTXV 2N6762 



Dimensions in Millimeters and (Inches) 



y 


UNITRODE 


11/83 
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ABSOLUTE MAXIMUM RATINGS 


2N6761 

JAN, JANTX, & JANTXV 2N6762 


Parameter ] 

2N6761 

2N6762 

Units 

VqS 

Drain — Source Voltage 

450* 

500* 

V 

''dgr 

Drain - Gate Voltage (Rqs = ^ 

450* 

500* 

V 

I0@Tc»25OC 

Continuous Drain Currant 

4.0* 

4.5* 

A 

lo@Tc- IOQOC 

Continuous Drain Current 

2.5* 

3.0* 

A 

•dm 

Pulsed Drain Current 

6.0 

7.0 

A 

Vqs 

Gate - Source Voltage 

±20* 

V 

Pd@Tc = 250C 

Max. Power Dissipation 

75* (See Fig. 11) 

W 

Pd®Tc» 100°C 

Max. Power Dissipation 

30* (See Fig. 11) 

W 

1 Linear Derating Factor 

0.6* (See Fig. 11) 

W/K 

‘lm 

Inductive Current, Clamped 

(See Fig. 1 and 2) L » 100 mH 

6.0 1 7.0 

A 

Tj 

T.., 

Operating and 

Storage Temperature Range 

-55* to 150* 

oc 

Lead Temperature 

300* (0.063 in. (1.6mm) from case for 10s) 

OC 


ELECTRICAL CHARACTERISTICS @ Tq = 25°C (Unless otherwise specified) 


Parameter 

Type 

Min. 

Typ. 

Max. 

Units 

Test Conditions 

BVdss 

Drain — Source Breakdown Voltage 

2N6761 

450 

- 

- 

V 

Vgs = o 



2N6762 

500 

- 

- 

V 

Iq = 4.0 mA 

''GS(th) 

Gate Threshold Voltage 

ALL 

2.0* 

- 

4.0* 

V 

'^DS "" '^GS' 'd ^ 

'gssf 

Gate — Body Leakage Forward 

ALL 

- 

- 

100* 

nA 

Vqs = 20V 

'gssr 

Gate - Body Leakage Reverse 

ALL 

- 

- 

100* 

nA 

Vqs = -20V 

•dss 

Zero Gate Voltage Drain Current 

ALL 

- 

0.1 

1.0* 

mA 

Vds = 0.8 X Max. Rating, Vgg = 0 



- 

0.2 

4.0* 

mA 

Vqs = Max. Rating, Vgg = 0, T^ = 25°C to 125°C 

'^DS(on) 

Static Drain-Source On-State 

Voltage ^ 

2N6761 

- 

- 

8.0* 

V 

Vgs=io''-'d = ‘*a 


2N6762 

- 

- 

7.7* 

V 

Vgs=10V,Id = 4.5A 

^DS(on) 

Static Drain-Source On-State 
Resistance (?) 

2N6761 

- 

1.5 

2.0* 


Vgs= 10V, Id=: 2.5A 


2N6762 

- 

1.3 

1.5* 

n 

Vgs=10V, Id=3.0A 

^DS(on) 

Static Drain-Source On-State 
Resistance 

2N6761 

- 

- 

4.4* 

n 

Vgs = 10V, Iq = 2.5A, Tc = 125°C 


2N6762 

- 

- 

3.3* 

n 

Vgs = 10V, Iq = 3.0A, Tq = I25OC 

9fs 

Forward Transconductance 

ALL 

2.5* 

3.5 

7.5* 

S (U> 

VdS=16V,Id = 3A 

Ciss 

input Capacitance 

ALL 

350* 

600 

800* 

pF 

Vgs = 0' Vqs = 25V, f = i .0 mhz 

See Fig. 10 

Coss 

Output Capacitance 

ALL 

25* 

100 

200* 

pF 

Crss 

Reverse Transfer Capacitance 

ALL 

15* 

30 

60* 

pF 


*d (on) 

Turn-On Delay Time 

ALL 

- 

- 

30* 

ns 

Vqq ^ 225V, Iq = 3A, Zq = 15n 

t^ Rise Time 

ALL 

- 

- 

30* 

ns 

(See Figs. 13 and 14) 

'd (off) 

Turn-Off Delay Time 

ALL 

- 

- 

55* 

ns 

(MOSFET switching times are essentially 

tf 

Fall Time 

ALL 

- 

- 

30* 

ns 

independent of operating temperature.) 


THERMAL RESISTANCE 


Rthjc Junction-to-Case 

ALL 

- 

- 

1.67* 

K/W 


RthCS Case-to-Sink 

ALL 

- 

0.1 

- 

K/W 

Mounting surface flat, smooth, and greased. 

RthJA Junction-to-Ambient 

ALL 

- 

- 

30 

K/W 

Free Air Operation 


BODY-DRAIN DIODE RATINGS AND CHARACTERISTICS 


's 

Continuous Source Current 

2N6761 

- 

- 

4.0* 

A 

Modified MOSFET symbol ^ 

'o 


(Body Diode) 

2N6762 

- 

- 

4.5* 


showing the integral 

reverse P-N junction rectifier. \ 


•SM 

Pulsed Source Current 

2N6761 

- 

- 

6.0 


y 


(Body Diode) 

2N6762 

- 

- 

7.0 


,s 

VSD 

Diode Forward Voltage 

2N6761 

0.65* 

- 

1.3* 

V 

Tc = 25°C, Is = 4A, Vqs = 0 


2N6762 

0.7* 

- 

1.4* 

1 

V 

Tq = 250C, Is *4.5A, Vqs = 0 

Vr 

Reverse Recovery Time 

ALL 

- 

500 


ns 

Tj = 150OC, Ip = IsM, dlp/dt = 100 A/ms 

<^RR 

Reverse Recovered Charge 

ALL 

- 

7.0 


mC 

Tj = 150OC, Ip * Ism, dlp/dt = 100 A/ms 


*JEDEC registered values. (T) Pulse Test: Pulse Width ^ 300 Msec, Duty Cycle ^ 2% 

Fig. 1 — Clamped Inductive Test Circuit Fig. 2 — Clamped Inductive Waveforms 
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2N6761 

JAN, JANTX, & JANTXV 2N6762 


Fig. 3 — Typical Output Characteristics 



Vqs, drain to source voltage (VOLTS) 

Fig. 5— Typical Saturation Characteristics 



0 2 4 G 8 10 

Vqs, drain to SOURCE VOLTAGE (VOLTS) 


Fig. 4 — Typical Transfer Characteristics 



0 1 2 3 4 5 6 7 

Vqs, gate to source VOLTAGE (VOLTS) 


Fig. 6— Typical Saturation Characteristics 
(2N6762) 



Vqs, DRAIN TO SOURCE VOLTAGE (VOLTS) 


Fig- 


7 — Typical Transconductance Vs. Drain Current 



Iq, drain CURRENT (AMPERES) 



Vgg, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
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2N6761 

JAN, JANTX, & JANTXV 2N6762 



-40 0 40 80 120 160 

Tj, JUNCTION TEMPERATURE (OC) 


Fig. 10 — Typical Capacitance Vs. Drain-to-Source Voltage 



Vos, ORAIN TO-SOURCE VOLTAGE (VOLTS) 



Fig. 11 — Power Vs. Temperature Derating Curve 



0 20 40 60 80 100 120 140 

Tc, CASE TEMPERATURE (OC) 


Fig. 12 — Typical Body-Drain Diode Forward Voltage 



0 1 

VsD, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 


Fig. 13 — Switching Time Test Circuit 



Fig. 14 — Switching Time Waveforms 
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POWER MOSFET TRANSISTORS 

100 Volt, 0.055 Ohm 
N-Channel 


2N6763 
J, JTX, JTXV 2N6764 


FEATURES 

• Fast Switching 

• Low Drive Current 

• Ease of Paralleling 

• No Second Breakdown 

• Excellent Temperature Stability 

• Qualified to MIL-S-19500/543A 


DESCRIPTION 

The Unitrode power MOSFET design utilizes the most advanced technology available. 
This efficient design achieves a very low Roston) and a high transconductance. 

The Unitrode power MOSFET features all of the advantages of MOS technology such as 
voltage control, freedom from second breakdown, very fast switching speeds, and 
thermal stability. 

These power MOSFETS are ideally suited for many high-speed, high-power switching 
applications such as switching power supplies, motor controls, and wide-band and 
audio amplifiers. 


PRODUCT SUMMARY 


Part Number 

Vds 

RDS(on) 

Id 

2N6763 

60V 

0.08Q 

31A 

2N6764 

lOOV 

0.055Q 

38A 


MECHANICAL SPECIFICATIONS 


2N6763 



Dimensions in Millimeters and (Inches) 
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ABSOLUTE MAXIMUM RATINGS 


2N6763 

JAN, JANTX, & JANTXV 2N6764 


Parameter 

2N6763 

2N6764 

Units 

^DS 

Oram - Source Voltage 

60* 

100* 

V 

^DGR 

Dram - Gate Voltage (Rqs “ ^ 

60* 

100* 

V 

Iq @ Tc = 250C 

Continuous Dram Current 

31* 

38* 

A 

l0@Tc= 100OC 

Continuous Drain Current 

20* 

24* 

A 

'dm 

Pulsed Dram Current 

60 

70 

A 


Gate - Source Voltage 

±20* 

V 

pQ @ Tc = 250C 

Max. Power Dissipation 

150* (See Fig. 11) 

W 

Pq® ^c* ‘'oo°c 

Max. Power Dissipation 

60* (See Fig. 11) 

W 

Linear Derating Factor | 

1.2* (See Fig. 11) 

W/K 

•lm 

Inductive Current, Clamped 

(See Fig. 1 and 2) L = 100 mH 

60 1 70 

A 

Tj 

^«t9 

Operating and 

Storage Temperature Range 

-55* to 150* 

oc 

Lead Temperature | 

300* (0.063 in. {1.6mm) from case for 10s) 

OC 


ELECTRICAL CHARACTERISTICS @ Tc = 25“ C (Unless otherwise specified) 


Parameter 

Type 

Min. 

Typ. 

Max. 

Units 

Test Conditions 

^^'dss 

Drain — Source Breakdown Voltage 

2N6763 

60 

- 

- 

V 

Vgs = o 



2N6764 

100 

_ 

- 

V 

Ip = 1.0 mA 

'^GSIth) 

Gate Threshold Voltage 

ALL 

2.0* 

- 

4.0* 

V 

^DS "" '^GS' 'd = ^ 

'gssf 

Gate — Body Leakage Forward 

ALL 

- 

- 

100* 

nA 

Vqs = 20V 

•gssr 

Gate - Body Leakage Reverse 

ALL 

- 

- 

100* 

nA 

Vqs = -20V 

•dss 

Zero Gate Voltage Drain Current 

ALL 

- 

0.1 

1.0* 

mA 

Vds Rating, VQg = 0 



- 

0.2 

4.0* 

mA 

Vp 3 = Max. Rating, V^g = 0, Tp = 1250C 

'^DS(on) 

Static Drain-Source On-State 

Voltage 0 

2N6763 

- 

- 

2.48* 

V 

VGS=10Vlp = 31A 


2N6764 

- 

- 

2.09* 

V 

Vgs=‘'0V''d = 38A 

^DS(on) 

Static Drain-Source On-State 
Resistance 0 

2N6763 

- 

0.06 

0.08* 

n 

Vqs = lOV, Ip = 20A 


2N6764 

- 

0.045 

0.055* 

n 

Vgs= 10V, lp = 24A 

f^DS(on) 

Static Drain-Source On-State 
Resistance 0 

2N6763 

- 

- 

0.136* 

n 

Vgs = "lOV, Ip = 20A, Tp = 125°C 


2N6764 

- 

- 

0.094* 

n 

Vgs = 10V, Ip = 24A, Tp = 125OC 

9fs 

Forward Transconductance 0 

ALL 

9.0* 

12.5 

27* 

S (U) 

Vds = 15V, Id= 24a 

Ciss 

Input Capacitance 

ALL 

1000* 

2000 ! 

1 

3000* 

pF i 

Vgs " 0' '^DS = 25V, f = 1 .0 MHz 

See Fig. 10 

^oss 

Output Capacitance 

ALL 

500* 

1000 

1500* 

PF 

^rss 

Reverse T ransfer Capacitance 

ALL 

150* 

350 

500* 

pF , 

^d (on) 

Turn-On Delay Time 

ALL 

- 

- 

35* 

ns 

Vpp^ 24V,lp = 24A, Zo = 4.7n 

t^ Rise Time 

^Zl ! 

- 

- 

100* 

ns 

(See Figs. 13 and 14) 

^d (off) 

Turn-Off Delay Time 

ALL 

_ ! 

- 

125* 

ns 

(MOSFET switching times are essentially 

tf 

Fall Time 


~ i 

- 

100* 

ns 

independent of operating temperature.) 


THERMAL RESISTANCE 


^thJC 

Junction-to-Case 

ALL 

- 

- 

0.83* 

K/W 


^thCS 

Case-to-Sink 

ALL 

- 

0 1 

- 

K/W 

Mounting surface flat, smooth, and greased. 

^thJA 

Junction-to-Ambient 

ALL 

- 

- 

30 

K/W 

Free Air Operation 


BODY-DRAIN DIODE RATINGS AND CHARACTERISTICS 


•s Continuous Source Current 

(Body Diode) 

2N6763 



- 

31* 

A 

Modified MOSFET symbol ^ 

showing the integral /i |— _ 

reverse P-N junction rectifier. q 

( 

1 

I 

2N6764 

- 

- 

. 38* 

'SM Pulsed Source Current 

(Body Diode) 

2N6763 

- 

- 

60 

A 

2N6764 

- 

- 

70 

Vgp Diode Forward Voltage 0 

2N6763 

0.90* 

- 

1.8* 

V 

Tp = 250C, ls= 31 A,Vgs = 0 

2N6764 

0.95* 

- 

1.9* 

V 

Tp=25°C,ls = 38A,VGs = 0 

t^,. Reverse Recovery Time 

ALL 

- 

500 

- 

ns 

Tj = 150°C, Ip = Igvi.d'F/dt = 100 A/jis 

Qpp Reverse Recovered Charge 

ALL 

- 

10 

- 

mC 

Tj = 150°C, Ip = IgM-dlp/dt = 100 A/jiS 


•JEDEC registered values. O Pulse Test; Pulse Width ^ 300 Msec, Duty Cycle ^ 2% 


Fig. 1 — Clamped Inductive Test Circuit Fig. 2 — Clamped Inductive Waveforms 
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9fs,TRANSC0'N0UCTANCE (SIEMENS) £• Iq, DRAIN CURRENT (AMPERES) Iq. DRAIN CURRENT (AMPERES) 


Fig. 3 — Typical Output Characteristics 



Vqs, DRAIN-TO SOURCE voltage (VOLTS) 

Fig. 5— Typical Saturation Characteristics 
(2N6763) 



0 0.4 0.8 1.2 1.6 2.0 

Vqs, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


7 — Typical Transconductance Vs. Drain Current 



Iq, ORAIN current (AMPERES) 


2N6763 

JAN, JANTX, & JANTXV 2N6764 


Fig. 4 — Typical Transfer Characteristics 



0 1 2 3 4 6 6 7 8 

Vqs. GATE-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 6— Typical Saturation Characteristics 
(2N6764) 



0 0.4 0.8 1.2 1.6 2.0 

Vqs, DRAIN-TO-SOURCE voltage (VOLTS) 



3.0 5.0 10 20 50 100 200 


Vq5, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
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2N6763 

JAN, JANTX, & JANTXV 2N6764 


Fig. 9 — Normalized Typical On-Resistance Vs. Temperature 



-40 0 40 80 120 160 

Tj, JUNCTION TEMPERATURE (<>0 



0 20 40 60 80 100 120 140 

Tc, CASE TEMPERATURE (“O 


Fig. 10 — Typical Capacitance Vs. Drain-to-Source Voltage 



Fig. 12 — Typical Body-Drain Diode Forward Voltage 



Vsd.SOURCE-TO-DRAIN voltage (VOLTS) 


Fig. 13 — Switching Time Test Circuit 



Fig. 14 — Switching Time Waveforms 
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POWER MOSFET TRANSISTORS 

200 Volt, 0.085 Ohm 
N-Channel 


2N6765 
J, JTX, JTXV 2N6766 


FEATURES 

• Fast Switching 

• Low Drive Current 

• Ease of Paralleling 

• No Second Breakdown 

• Excellent Temperature Stability 

• Qualified to MIL-S-19500/543A 


DESCRIPTION 

The Unitrode power MOSFET design utilizes the most advanced technology available. 
This efficient design achieves a very low RDS(on) and a high transconductance. 

The Unitrode power MOSFET features all of the advantages of MOS technology such as 
voltage control, freedom from second breakdown, very fast switching speeds, and 
thermal stability. 

These power MOSFETS are ideally suited for many high-speed, high-power switching 
applications such as switching power supplies, motor controls, and wide-band and 
audio amplifiers. 


PRODUCT SUMMARY 


Part Number 

Vds 

RDS(on) 

Id 

2N6765 

150 V 

0.120Q 

25A 

2N6766 

200V 

0.0850 

30A 


MECHANICAL SPECIFICATIONS 


2N6765 

JAN, JANTX, & JANTXV 2N6766 


22 22 (0 875) 



Dimensions in Millimeters and (Inches) 
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2N6765 

JAN, JANTX, & JANTXV 2N6766 


ABSOLUTE MAXIMUM RATINGS 


Parameter | 

2N6765 

2N6766 

Units 

< 

O 

CO 

Drain — Source Voltage 

150* 

200* 

V 

^DGR 

Drain — Gate Voltage (Rqs " ^ 

150* 

200* 

V 

Iq@Tc = 25°C 

Continuous Drain Current 

25* 

30* 

A 

Iq@Tc = 100°C 

Continuous Drain Current 

16* 

19* 

A 

•dm 

Pulsed Drain Current 

50 

60 

A 

Vgs 

Gate — Source Voltage 

±20* 

V 

Pq @ Tc = 25°C 

Max. Power Dissipation 

150* (See Fig. 11) 

W 

Pd@Tc- IOO^C 

Max. Power Dissipation 

60* (See Fig. 11) 

W 

Linear Derating Factor 

1.2* (See Fig. 11) 

W/K 

'lm 

Inductive Current, Clamped 

(See Fig. 1 and 2) L = 100 mH 



50 

60 



Operating and 

Storage Temperature Range 

-55* to 150* 

OC 

1 Lead Temperature 

300* (0.063 in. (1 .6mm) from case for 10s) 

OC 


ELECTRICAL CHARACTERISTICS @ Tq = 25° C (Unless otherwise specified) 



Parameter 

Type 

Min. 

Typ. 

Max. 

Units 

Test Conditions 

S'^DSS 

Drain — Source Breakdown Voltage 

2N6765 

150 

- 

- 

V 

Vgs = o 



2N6766 

200 

- 

- 

V 

\q = 1.0 mA 

''GS(th) 

Gate Threshold Voltage 

ALL 

2.0* 

- 

4.0* 

V 

^DS Vqs, Iq = 1 mA 

'gssf 

Gate - Body Leakage Forward 

ALL 

- 

- 

100* 

nA 

Vqs = 20V 

'gssr 

Gate - Body Leakage Reverse 

ALL 

- 

- 

100* 

nA 

Vgs = -20V 

•dss 

Zero Gate Voltage Drain Current 

ALL 

- 

0.1 

1.0* 

mA 

Vds = Max. Rating, Vq^ = 0 


_ . J 

- 

0.2 

4.0* 

mA 

Vds - Max. Rating, Vqj 0, T^^ = 125°C 

^DS(on) Static Drain-Source On-State 

2N6765 

- 

- 

3.0* 

V 

Vgs^IOV, Id = 25A 



2N6766 

- 

- 

2.7* 

V 

Vgs = 10V, Id = 30A 

f^DS(on) 

Static Drain-Source On-State 
Resistance 

2N6765 

- 

0.09 

0.12* 

n 

Vgs = 10V, Id = iga 


2N6766 

- 

0.07 

0.085* 

n 

Vgs=10V, Id=19A 

•^DSion) 

Static Dram-Source On-State 
Resistance 

2N6765 

- 

- 

0.216* 

n 

Vgs = ■'0^' 'd = ■'6A' "^C = 125°C 


2N6766 

- 

- 

0 153* 

n 

Vgs = 10V, Id= ■'9A, Tc= 125°c 

9fs 

Forward Transconductance (^ 

ALL 

9.0* 

15.5 

27* 

S (U) 

VdS= Id= 19A 

Ciss 

Input Capacitance 

ALL 

1000* 

2000 ■ 

3000* 

pF 

Vgs = 0' ^Ds = 25V, f = 1.0 mhz 

See Fig. 10 

Coss 

Output Capacitance 

ALL 

450* 

800 

1200* 

PF 

Crss 

Reverse Transfer Capacitance 

ALL 

150* 

300 

500* 

PF 

^d (on) 

Turn-On Delay Time 

ALL 

- 

1 

35* 

ns 

Vdd - 95V, Ip = 19A, Zq = 4.7n 

t^ Rise Time 

ALL 

- 

_ 

100* 

ns 

(See Figs. 13 and 14) 

^d (off) 

Turn-Off Delay Time 

ALL 

- 

- 

125* 

ns 

(MOSFET switching times are essentially 

tf 

Fall Time 

ALL 

- 


100* 

ns 

independent of operating temperature.) 


THERMAL RESISTANCE 


f^thJC 

Junction-to-Case 

ALL 

- 


0.83* 

K/W 


^thCS 

Case-to-Sink 

ALL 

- 

0 1 

- 

K/W 

Mounting surface flat, smooth, and greased. 

^thJA 

Junction-to- Ambient 

ALL 

- 

- 

30 

K/W 

Free Air Operation 


BODY-DRAIN DIODE RATINGS AND CHARACTERISTICS 


's 

Continuous Source Current 
(Body Diode) 

2N6765 

- 

- 

25* 

A 

Modified MOSFET symbol ^ 

showing the integral 

reverse P-N junction rectifier. ^ 

1 


2N6766 

- 

- 

30* 

*SM 

Pulsed Source Current 
(Body Diode) 

2N6765 

- 

- 

50 

A 

2N6766 

- 

- 

60 

^sd 

Diode Forward Voltage ^ 

2N6765 

0.85* 

- 

1.7* 

V 

Tc = 25°C, Is = 25A, Vgs = 0 


2N6766 

0.9* 

- 

1.8* 

V 

Tc=250C, ls = 30A, Vgs = 0 

Xff Reverse Recovery Time 

ALL 

- 

500 

- 

ns 

Tj = 150OC, Ip = Ism, dlp/dt = 100 A/ms 

Qrr 

Reverse Recovered Charge 

ALL 

- 

10 

1 

juC 

Tj = 150OC, Ip = Ism, dlp/dt = 100 a/ms 


*JEDEC registered values. Pulse Test: Pulse Width ^ 300 ^sec, Duty Cycle ^ 2% 


Fig. 1 — Clamped Inductive Test Circuit Fig. 2 — Clamped Inductive Waveforms 
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2N6765 

JAN, JANTX, & JANTXV 2N6766 


Fig. 3 — Typical Output Characteristics 
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Vos. DRAIN TO SOURCE VOLTAGE (VOLTS) 

Fig. 5— Typical Saturation Characteristics 
(2N6765) 
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Vos, DRAIN TO SOURCE VOLTAGE (VOLTS) 

Fig. 7 — Typical Transconductance Vs. Drain Current 




iQ. DRAIN CURRENT (AMPERES) 
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Vgs. gate to source VOLTAGE (VOLTS) 

Fig. 6— Typical Saturation Characteristics 
(2N6766) 
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RoSlon). DRAIN TO SOURCE ON RESISTANCE 

Pq, power dissipation (WATTS) (NORMALIZED) 


2N6765 

JAN, JANTX, & JANTXV 2N6766 



Tj, JUNCTION TEMPERATURE (“C) 


Fig. 11 — Power Vs. Temperature Derating Curve 
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TcCASE TEMPERATURE (“O 

Fig. 13 — Switching Time Test Circuit 



Fig. 10 - Typical Capacitance Vs. Drain<to-Source Voltage 



0 10 20 30 40 50 

Vqs, DRAIN TO SOURCE voltage (VOLTS) 

Fig. 12 — Typical Body-Drain Diode Forward Voltage 



Vsd-SOURCE-TO-DRAIN voltage (VOLTS) 

Fig. 14 — Switching Time Waveforms 
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POWER MOSFET TRANSISTORS 

400 Volt, 0.3 Ohm 
N-Channel 


2N6767 
J, JTX, JTXV 2N6768 


FEATURES 

• Fast Switching 

• Low Drive Current 

• Ease of Paralleling 

• No Second Breakdown 

• Excellent Temperature Stability 

• Qualified to MIL-S-19500/543A 


DESCRIPTION 

The Unitrode power MOSFET design utilizes the most advanced technology available. 
This efficient design achieves a very low Rosfon) and a high transconductance. 

The Unitrode power MOSFET features all of the advantages of MOS technology such as 
voltage control, freedom from second breakdown, very fast switching speeds, and 
thermal stability. 

These power MOSFETS are ideally suited for many high-speed, high-power switching 
applications such as switching power supplies, motor controls, and wide-band and 
audio amplifiers. 


PRODUCT SUMMARY 


Part Number 

Vds 

RoSCon) 

Id 

2N6767 

350V 

0.40 

12A 

2N6768 

400V 

0.30 

14A 


MECHANICAL SPECIFICATIONS 


2N6767 


22 22 (0 875) 

,,, MAX DIA u 43 (0450) 

^ fi 35 (0 75m 

tUUb)MAX r j 


jLJczz±ri 


TWO PLACES 

rc 

PLANE 

1016(0 

TWOP 

40) MIN 
LACES 


JAN, JANTX, & JANTXV 2N6768 



Dimensions in Millimeters and (Inches) 



11/83 
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UNITRODE 





2N6767 

JAN, JANTX, & JANTXV 2N6768 


ABSOLUTE MAXIMUM RATINGS 


Parameter | 

2N6767 

2N6768 

Units 

U) 

O 

> 

Drain - Source Voltage 

350* 

400* 

V 

^DGR 

Drain - Gate Voltage (Rqs “ ^ 

350* 

400* 

V 

Id@Tc = 250C 

Continuous Drain Current 

12* 

14* 

A 

Id@Tc = ioooc 

Continuous Drain Current 

7.75* 

9.0* 

A 

'dm 

Pulsed Dram Current 

20 

25 

A 

Vqs 

Gate - Source Voltage 

±20* 

V 

Pd @ Tc = 25°c 

Max. Power Dissipation 

150* (See Fig. 11) 

W 

Pd@Tc= IOQOC 

Max. Power Dissipation 

60* (See Fig. 11) 

W 

Linear Derating Factor | 

1.2* (See Fig. 11) 

W/K 

'lm 

Inductive Current, Clamped 

(See Fig. 1 and 2) L = 100 mH 

20 1 25 

A 

Tj 

^stg 

Operating and 

Storage Temperature Range 

-55* to 150* 

OC 

Lead Temperature | 

300* (0.063 in. (1.6mm) from case for 10s) 

OC 


ELECTRICAL CHARACTERISTICS @ Tq = 25°C (Unless otherwise specified) 


Parameter 

Type 

Min. 

Typ. 

Max. 

Units 

Test Conditions 

^'^DSS 

Dram — Source Breakdown Voltage 

2N6767 

350 

- 

- 

V 

Vgs = o 



2N6768 

400 

- 

- 

V 

Iq = 1 .0 mA 

'^GS(th) 

Gate Threshold Voltage 

ALL 

2.0* 

- 

4.0* 

V 

'•^DS " '^GS' 'd ^ 

'gssf 

Gate — Body Leakage Forward 

ALL 

- 

- 

100* 

nA 

Vgs = 20V 

'gssr 

Gate - Body Leakage Reverse 

ALL 

- 

- 

100* 

nA 

Vqs = -20V 

'dss 

Zero Gate Voltage Dram Current 

ALL 

- 

0.1 

1.0* 

mA 

Vds = Max. Rating, VQg = 0 



- 

0.2 

4.0* 

mA 

Vds == Max. Rating, VQg = 0, Tq = 125°C 

^DS(on) 

Static Dram-Source On-State 

Voltage (7) 

2N6767 

- 

- 

5.4* 

V 

Vqs-IOV, Id = 12A 


2N6768 

- 

- 

5.6* 

V 

Vgs=10V,Id=14A 

f^DS(on) 

Static Dram-Source On-State 
Resistance 

2N6767 

- 

0.3 

0.4* 

n 

Vqs = 10V, Ip = 7.75A 


2N6768 

- 

0.25 

0.3* 

n 

Vgs = 10V,Id-9.0A 

^DS(on) 

Static Drain-Source On-State 
Resistance (^ 

1 

2N6767 

- 

- 

0.88* 

« 

Vgs = 'd = = ''25°c 


2N6768 

- ' 

- 

0 .66* 


Vqs = 10V, Id = 9.0A, T(2 = 125°C 

9fs 

Forward Transconductance 

ALL 

8.0* 

11.0 

24* 

S (U) 

Vds = 15V,Id = 9.0A 

^iss 

Input Capacitance 

ALL 

1000* 

2000 

3000* 

pF 

Vgs = 0, Vps = 25V, f = i .0 mhz 

See Fig. 10 

Coss 

Output Capacitance 

ALL 

200* 

400 

600* 

PF 

Crss 

Reverse Transfer Capacitance 

ALL 

50- 

100 

200* 

pF 

^d (on) 

Turn-On Delay Time 

ALL 


- 

35* 

ns 

VpD - 180V, Ip = 9.0A, Zq = 4.7n 

t^ Rise Time 

ALL 

- 

- 

65* 

ns 

(See Figs. 1 3 and 14) 

^d (off) 

Turn-Off Delay Time 

ALL 

- 

- 

150* 

ns 

(MOSFET switching times are essentially 

t| Fall Time 

ALL 

- 

- 

75* 

ns 

independent of operating temperature ) 


THERMAL RESISTANCE 


^thJC 

Junction-to-Case 

ALL 

- 

- 

0.83* 

K/W 


^thCS 

Case-to-Sink 

ALL 

- 

0 1 

- 

K/W 

Mounting surface flat, smooth, and greased. 

^thJA 

Junction-to- Ambient 

ALL 

- 

- 

30 

K/W 

Free Air Operation 


BODY-DRAIN DIODE RATINGS AND CHARACTERISTICS 


's 

Continuous Source Current 
(Body Diode) 

2N6767 

- 

- 

12* 

A 

Modified MOSFET symbol 

showing the integral || — 

reverse P-N junction rectifier. , 14^^ 

'i 


2N6768 

- 

- 

14* 

'SM 

Pulsed Source Current 
(Body Diode) 

2N6767 

- 

- 

20 

A 

2N6768 

- 

- 

25 

^SD 

Diode Forward Voltage 

2N6767 

0.8* 

- 

1.6* 

V 

Tc = 25°C, 15 = i 2 A,Vgs = 0 



2N6768 

0.85* 

- 

1.7* 1 

V 

Tc=25°C, ls= 14 A,Vgs = 0 

irr 

Reverse Recovery Time 

ALL 

- 

1000 

- i 

ns 

Tj = 150°C, Ip = IgM, dip/dt = 100 A/ms 

Qrr 

Reverse Recovered Charge 

ALL 

- 

25 


mC 

Tj = 150°C, Ip = Igi^, dIp/dt = 100 A/ms 


•JEDEC registered values. (7) Pulse Test: Pulse Width < 300 Msec, Duty Cycle ^ 2% 


Fig. 1 — Clamped Inductive Test Circuit Fig. 2 — Clamped Inductive Waveforms 
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9fs, TRANSCONDUCTANCE (SIEMENS) Ji Iq, DRAIN CURRENT (AMPERES) Iq. DRAIN CURRENT (AMPERES) 


2N6767 

JAN, JANTX, & JANTXV 2N6768 


Fig. 3 — Typical Output Characteristics 
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Vqs, drain TO-SOURCE voltage (VOLTS) 


Fig. 5— Typical Saturation Characteristics 
(2N6767) 



0 1 2 3 4 5 

Vqs, DRAIN-TO-SOURCE voltage (VOLTS) 


|. 7 — Typical Transconductance Vs. Drain Current 
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Iq, drain current (AMPERES) 


Fig. 4 — Typical Transfer Characteristics 
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Vgs, gate to source voltage (VOLTS) 


Fig. 6— Typical Saturation Characteristics 
(2N6768) 
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Vqs, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 8 — Maximum Safe Operating Area 



Vps- DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
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2N6767 

JAN, JANTX, & JANTXV 2N6768 


Fig. 9— Normalized Typical On-Resistance Vs. Temperature 
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Tj, JUNCTION TEMPERATURE (“C) 


Fig. 10 — Typical Capacitance Vs. Drain-to-Source Voltage 



Vqs, drain TO SOURCE voltage (VOLTS) 



i 


Fig. 11 — Power Vs. Temperature Derating Curve 
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Tc, CASE TEMPERATURE (OC) 


Fig. 12 — Typical Body-Drain Diode Forward Voltage 
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Vsg.SOURCE-TO-DRAIN VOLTAGE (VOLTS) 


Fig. 13 — Switching Time Test Circuit Fig. 14 — Switching Time Waveforms 
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POWER MOSFET TRANSISTORS 

500 Volt, 0.4 Ohm 
N-Channel 


2N6769 
J, JTX, JTXV 2N6770 


FEATURES 

• Fast Switching 

• Low Drive Current 

• Ease of Paralleling 

• No Second Breakdown 

• Excellent Temperature Stability 

• Qualified to MIL-S-19500/543A 


DESCRIPTION 

The Unitrode power MOSFET design utilizes the most advanced technology available. 
This efficient design achieves a very low Roston) and a high transconductance. 

The Unitrode power MOSFET features all of the advantages of MOS technology such as 
voltage control, freedom from second breakdown, very fast switching speeds, and 
thermal stability. 

These power MOSFETS are ideally suited for many high-speed, high-power switching 
applications such as switching power supplies, motor controls, and wide-band and 
audio amplifiers. 


PRODUCT SUMMARY 


Part Number 

Vds 

RDS(on) 

Id 

2N6769 

450V 

o.5n 

llA 

2N6770 

500V 

o.4n 

12A 


MECHANICAL SPECIFICATIONS 


3 42 

(0 135) MAX 


22 22 (0 875) 

MAX DIA 1 1 43(0 450) 
U _J "6 35 (0 250) 


2N6769 

JAN, JANTX, & JANTXV 2N6770 


i 

T 



SEATING 

PLANE 




1016(0 40) MIN 
TWO PLACES 



Dimensions in Millimeters and (Inches) 



y 


UNITRODE 


11/83 
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2N6769 

JAN, JANTX, & JANTXV 2N6770 


ABSOLUTE MAXIMUM RATINGS 


1 Parameter 

2N6769 

2N6770 

Units 

'^DS 

Drain — Source Voltage 

450‘ 

500* 

V 

'^DGR 

Drain - Gate Voltage (Rqs " ^ 

450* 

500* 

V 

Iq @ Tc = 250C 

Continuous Drain Current 

11* 

12* 

A 

Id@Tc= ioooc 

Continuous Drain Current 

7.0* 

7.75* 

A 

'dm 

Pulsed Drain Current 

20 

25 

A 

Vqs 

Gate — Source Voltage 

±20* 

V 

Pq ^ Tc = 250C 

Max. Power Dissipation 

150* (See Fig. 11) 

W 

PQ ® Tc = 100°C 

Max. Power Dissipation 

60* (See Fig. 11) 

W 

Linear Derating Factor | 

1.2* (See Fig. 11) 

W/K 

•lm 

Inductive Current, Clamped 

(See Fig. 1 and 2) L= 100 pH 

20 1 25 

A 

Tj 

^.tg 

Operating and 

Storage Temperature Range 

-55* to 150* 

©c 

Lead Temperature | 

300* (0.063 in. (1.6mm) from case for 10s) 

OC 


ELECTRICAL CHARACTERISTICS @ Tc = 25°C (Unless otherwise specified) 


Parameter 

Type 

Min. 

Typ. 

Max. 

Units 

Test Conditions 

'BVd$$ Drain — Source Breakdown Voltage 

2N6769 

450 

- 

- 

V 

Vgs = o 

Iq = 4.0 mA 

2N6770 

500 

- 

- 

V 

VGs(th) Threshold Voltage 

ALL 

2.0* 

- 

4.0* 

V 

Vds = Vgs. Id = '»"’A 

'gSSF ~ Bocly Leakage Forward 

ALL 

- 

- 

100* 

nA 

Vqs = 20V 

'gSSR ^®*® ~ Leakage Reverse 

ALL 

- 

- 

100* 

nA 

Vqs = -20V 

'dSS ^®''° ^®^® V©'f39® Drain Current 

ALL 

- 

0.1 

1.0* 

mA 

Vds 0.8 X Max. Rating, Vgg = 0 

- 

0.2 

4.0* 

mA 

Vqs = Max. Rating, Vgg = 0, Tq = 25°C to 1250C 

VDS(on) Static Drain-Source On-State 

Voltage 

2N6769 

- 

- 

6.0* 

V 


2N6770 

- 

- 

6.0* 

V 


^DS(on) Static Drain-Source On-State 
Resistance ^ 

2N6769 

- 

0.4 

0.5* 

n 

Vqs = 10V, Iq = 7.0A 

2N6770 

- 

0.3 

0.4* 

n 

Vgs= 10V,Id= 7.75A 

Rosion) Static Drain-Source On-State 
Resistance 

2N6769 

- 

- 

1.1* 

n 

Vqs = 10V, Iq = 7.0A, Tq = 1250C 

2N6770 

- 

- 

0.88* 

SI 

Vqs = 10V, Iq = 7.75A, Tq = 1 25°C 

g^^ Forward Transconductance 

ALL 

8.0* 

12.0 

24* 

S (U) 

VdS= ■'SV, Id= ■^■75A 

Cjjj Input Capacitance 

ALL 

1000* 

2000 

3000* 

pF 

Vqs = 0' ^DS = 25V, f = 1 .0 MHz 

See Fig. 10 

Cojs Output Capacitance 

ALL 

200* 

400 

600* 

pF 

^rss Reverse Transfer Capacitance 

ALL 

50* 

100 

200* 

pF 


tp (on) Turn-On Delay Time 

ALL 

- 

- 

35* 

n? 

Vqd S210V, Iq = 7.75A, Zq = 4.7fl 
(See Figs. 13 and 14) 

(MOSFET switching times are essentially 

independent of operating temperature.) 

t^ Rise Time 

ALL 

- 

- 

50* 

ns 

tp (off) Turn-Off Delay Time 

ALL 

- 

- 

150* 

ns 

t^ Fall Time 

ALL 

- 

~ 

70* 

ns 


THERMAL RESISTANCE 


P'thJC 

Junction-to-Case 

ALL 

_ 

- 

0.83* 

Km 


'^thCS 

Case-to-Sink 

ALL 

- 

0.1 

- 

K/W 

Mounting surface flat, smooth, and greased. 

^thJA 

Junction-to-Ambient 

ALL 

- 

- 

30 

K/W 

Free Air Operation 


BODY-DRAIN DIODE RATINGS AND CHARACTERISTICS 


's 

Continuous Source Current 

2N6769 

- 

- 

11* 


Modified MOSFET symbol 

1 


(Body Diode) 

2N6770 

- 

- 

12* 


showing the integral /|| — 

reverse P-N junction rectifier. q 


'SM 

Pulsed Source Current 

2N6769 

- 

- 

20 


y 


(Body Diode) 

2N6770 

- 

- 

25 


i 


^SD 

Diode Forward Voltage 

2N6769 

0.75* 

- 

1.5* 

V 

Tc = 250C, ls= 11 A,Vgs = 0 


2N6770 

0.80* 

- 

1.6* 

V 

Tc = 250C, ls= 12 A,Vgs = 0 

Vr 

Reverse Recovery Time 

ALL 

- 

400 

- 

ns 

Tj = 150°C, Ip = Igivi. dlp/dt = 100 A/ps 

Qrr 

Reverse Recovered Charge 

ALL 

- 

10 

- 

pC 

Tj = 150OC, Ip = Ism, dip/dt * 100 A/ms 


•JEDEC registered values. (T) Pulse Test; Pulse Width < 300 ysec. Duty Cycle ^ 2% 


Fig. 1 - Clamped Inductive Test Circuit Fig. 2 - Clamped Inductive Waveforms 
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g,j, TRANSCONOUCTANCE .SIEMENS) Iq, DRAIN CURRENT (AMPERES) Ip, DRAIN CURRENT (AMPERES) 


2N6769 

JAN, JANTX, & JANTXV 2N6770 


Fig. 3 — Typical Output Characteristics 
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Fig. 4 -■ Typical Transfer Characteristics 
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Fig. 5— Typical Saturation Characteristics 
(2N6769) 
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Vqs, DRAIN TO SOURCE VOLTAGE (VOLTS) 


Fig. 6— Typical Saturation Characteristics 
{2N6770) 
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Vqs, drain to SOURCE VOLTAGE (VOLTS) 


|. 7 — Typical Transconductance Vs. Drain Current 


Fig. 8 — Maximum Safe Operating Area 



Iq, drain current (AMPERES) 



Vqs, DRAIN-TO SOURCE voltage (VOLTS) 
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2N6769 

JAN, JANTX, & JANTXV 2N6770 


Fig.9 — Normalized Typical On-Resistance Vs, Temperature 
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Fig. 10 — Typical Capacitance Vs. Drain-to-Source Voltage 
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Vos, drain TO SOURCE VOLTAGE (VOLTS) 


Fig. 12 — Typical Body-Drain Diode Forward Voltage 
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Vso. SOURCE TO-ORAIN VOLTAGE (VOLTS) 



Fig. 13 — Switching Time Test Circuit Fig. 14 — Switching Time Waveforms 
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POWER MOSFET TRANSISTORS 

100 Volt, 0.6 Ohm 
N-Channel 


2N6781 

2N6782 


FEATURES 

• Fast Switching 

• Low Drive Current 

• Ease of Paralleling 

• No Second Breakdown 

• Excellent Temperature Stability 


DESCRIPTION 

The Unitrode power MOS.FET design utilizes the most advanced technology available. 
This efficient design achieves a very low RDS(on) and a high transconductance. 

The Unitrode power MOSFET features all of the advantages of MOS technology such as 
voltage control, freedom from second breakdown, very fast switching speeds, and 
thermal stability. 

These power MOSFETS are ideally suited for many high-speed, high-power switching 
applications such as switching power supplies, motor controls, and wide-band and 
audio amplifiers. 


PRODUCT SUMMARY 


Part Number 

Vds 

RoSCon) 

Id 

2N6781 

60V 

0.60 

3.5A 

2N6782 

lOOV 

0.60 

3.5A 


MECHANICAL SPECIFICATIONS 
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2N6781 2N6782 


ABSOLUTE MAXIMUM RATINGS 


Parameter 

2N6781 

2N6782 



Units 

Vds 

Drain - Source Voltage © 

60* 

100* 



V 

Vdgr 

Drain - Gate Voltage (Rqs = IMG) © 

60* 

100* 



V 

Id @ Tc = 25°c 

Continuous Drain Current 

3.5* 

3.5* 



A 

Idm 

Pulsed Drain Current © 

14 

14 



A 

Vgs 

Gate - Source Voltage 

±20* 

V 

Pd @ Tc = 25°C 

Max. Power Dissipation 

15* (See Fig. 14) 

W 

Linear Derating Factor 

0.12* (See Fig. 14) 

W/K 

Ilm 

Inductive Current, Clamped 

14 

(See Fig. 15 and 16) L = 100/jH 

^ 1 



A 

Tj 

Tstg 

Operating Junction and 

Storage Temperature Range 

-55 to 150 

“C 

Lead Temperature 

300(0.063 in. (1.6mm) from case for 10s)* 

“C 


ELECTRICAL CHARACTERISTICS @ Tc = 25°C (Unless otherwise specified) 


Parameter 

Type 

Min. 

Typ. 

Max. 

Units 

Test Conditions 

Drain - Source 

BVdss Breakdown Voltage 

2N6781 

60* 

- 

- 

V 

Vgs = OV 

Id = 500/yA 

2N6782 

100* 

- 

_ 

V 

VGS(th) Gate Threshold Voltage 

ALL 

2.0* 

- 

4.0* 

V 

Vds = Vgs, Id = 500/wA 

Igss Gate-Source Leakage Forward 

ALL 

- 

- 

100* 

nA 

Vgs = 20V 

Igss Gate-Source Leakage Reverse 

ALL 

- 

- 

-100* 

nA 

Vgs = -20V 

Idss Zero Gate Voltage Drain Current 

ALL 

- 

- 

500* 

//A 

Vds = Max. Rating, Vgs = OV 

- 

- 

2000* 

/wA 

Vds = Max. Rating, Vqs = OV, Tc = 125°C 

iD(on) On-State Drain Current (D 

ALL 

3.5 

- 

- 

A 

. Vds > iD(on) X RDS(on) max., VgS = lOV 

Static Drain-Source 

KDSlon) On-State Resistance © 

ALL 

- 

- 

0.6* 

n 

Vgs = lOV, Id = 2.25A 

. Static Drain-Source _ 

RDS(on) On-State Resistance ® 

ALL 

- 

- 

1.08* 

Q 

Vgs = lOV, Id = 2.25A, Tc = 125°c 

V On-State Drain-Source 

VDS(on) Voltage© 

ALL 

- 

- 

2.1* 

V 

Vgs = lOV, Id = 3.5A 

gfs Forward Transconductance © 

ALL 

1.0* 


3.0* 

S(U) 

Vds = 15V, Id = 2.25A 

Cjss Input Capacitance 

ALL 

60* 

- 

200* 

PF 

Vgs = OV, Vds = 25V, f = l.OMHz 

See Fig. 10 

Coss Output Capacitance 

ALL 

40* 

- 

100* 

PF 

Crss Reverse Transfer Capacitance 

ALL 

10* 

- 

25* 

pF 

td(on) Turn-On Delay Time 

ALL 

- 

- 

15* 

ns 

Vdd = 35V, Id = 2.25A, Zo = 50Q 

See Fig. 17 

(MOSFET switching times are essentially 
independent of operating temperature.) 

Tr Rise Time 

ALL 

- 

- 

25* 

ns 

td(off) Turn-Off Delay Time 

ALL 

- 

- 

25* 

ns 

tf Fall Time 

ALL 

- 

- 

20* 

ns 

^ Total Gate Charge 

^9 (Gate-Source Plus Gate-Drain) 

ALL 

- 

5.0 

7.5 

nC 

Vgs = lOV, Id = 8.0A, Vds = 0.8 Max. Rating, 

See Fig. 18 for test circuit. (Gate charge is essentially 
independent of operating temperature .) 

Qgs Gate-Source Charge 

ALL 

- 

2.0 

- 

nC 

Ogd Gate-Drain ("Miller”) Charge 

ALL 

- 

3.0 

- 

nC 

Ld Internal Drain Inductance 

ALL 


5.0 


nH 

Measured from the 
drain lead. 5mm (0.2 
in.) from header to 
center of die. 

Modified MOSFET 
symbol showing the 
internal device 
inductances. 

4 |) 

Ls Internal Source Inductance 

ALL 


15 


nH 

Measured from the 
source lead, 5mm (0.2 
in.) from header to 
source bonding pad. 


THERMAL RESISTANCE 


RthJC 

Junction-to-Case 

ALL 

- 

- 

8.33* 

K/W 


RthJA 

Junction-to Ambient 

ALL 

- 

- 

175 

K/W 

Free Air Operation 


♦Indicates JEDEC registered values. 
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2N6781 2N6782 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


is 

Continuous Source Current 
(Body Diode) 

ALL 

- 

- 

3.5* 

A 

Modified MOSFET symbol o 

showing the integral 

reverse P-N junction rectifier. ( •♦T?) 

Ism 

Pulse Source Current 
(Body Diode) (D 

ALL 

- 

- 

14 

A 

VSD 

Diode Forward Voltage (2) 

ALL 

.75* 

- 

1.5* 

V 

Tc = 25®C, Is = 3.5A, Vgs = OV 

trr 

Reverse Recovery Time 

ALL 

- 

200 

_ 

ns 

Tj = 150®C, If = 3.5A, dlp/dt = 100A//iS 

Qrr 

Reverse Recovered Charge 

ALL 

_ 

1.0 

- 

/iC 

Tj = 150®C, If = 3.5A, dlp/dt = 100A//iS 

ton 

Forward Turn-on Time 

ALL 

Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Ls + Ld- I 


(D Tj * 25® to 150®C. (D Pulse Test: Pulse width < 300/iS, Duty Cycle < 2%. Q) Repetitive Rating: Pulse width limited 

by max. junction temperature. 

♦Indicates JEDEC registered values. See Transient Thermal Impedance Curve (Fig. 5). 



VqS. drain to source voltage (VOLTS) 



Vqs. gate to source voltage (VOLTS) 


Fig. 3 - Typical Saturation Characteristics 



Fig. 4 — Forward Bias Safe Operating Area 
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2thJc(‘)/RthJC- normalized EFFECTIVE TRANSIENT 
THERMAL IMPEDANCE (PER UNIT) 


2N6781 2N6782 


Fig. 5 — Maximum Effective Transient Thermal Impedance, Junction-to-Case Vs. Pulse Duration 



Fig. 6 — Typical Transconductance Vs. Drain Current 



Fig. 7 — Typical Source-Drain Diode Forward Voltage 



VsD, SOURCE TO ORAIN VOLTAGE (VOLTS) 


Fig. 8 — Breakdown Voltage Vs. Temperature 



Fig. 9 — Normalized On-Resistance Vs. Temperature 



Tj, JUNCTION TEMPERATURE {°C) 
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RoS(on). ORAIN-TO-SOURCE ON RESISTANCE (OHMS) 


2N6781 2N6782 



0 10 20 30 40 50 

Vos, DRAIN TO-SOURCE VOLTAGE (VOLTS) 



0 2 4 6 8 10 

Qg, TOTAL GATE CHARGE (nC) 


Fig. 12 — Typical On-Resistance Vs. Drain Current 
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2N6781 2N6782 


Fig. 15 — Clamped Inductive Test Circuit Fig. 16 — Clamped Inductive Waveforms 




Fig. 17 — Switching Time Test Circuit 



Fig. 18 — Gate Charge Test Circuit 
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POWER MOSFET TRANSISTORS 

200 Volt, 1.5 Ohm 
N-Channel 


2N6783 

2N6784 


FEATURES 

• Fast Switching 

• Low Drive Current 

• Ease of Paralleling 

• No Second Breakdown 

• Excellent Temperature Stability 


DESCRIPTION 

The Unitrode power MOSFET design utilizes the most advanced technology available. 
This efficient design achieves a very low Rosion) and a high transconductance. 

The Unitrode power MOSFET features all of the advantages of MOS technology such as 
voltage control, freedom from second breakdown, very fast switching speeds, and 
thermal stability. 

These power MOSFETS are ideally suited for many high-speed, high-power switching 
applications such as switching power supplies, motor controls, and wide-band and 
audio amplifiers. 


PRODUCT SUMMARY 


Part Number 

Vds 

RpSCon) 

Id 

2N6783 

150 V 

1.50 

2.25A 

2N6784 

200V 

1.50 

2.25A 


MECHANICAL SPECIFICATIONS 




11/83 


4-144 


UNITRODE 





2N6783 2N6784 


ABSOLUTE MAXIMUM RATINGS 


Parameter 

2N6783 

2N6784 



Units 

Vds 

Drain - Source Voltage ® 

150* 

200* 



V 

Vdgr 

Drain - Gate Voltage (Rqs = IMO)© 

150* 

200* 



V 

Id @ Tc = 25°C 

Continuous Drain Current 

2.25* 

2.25* 



A 

Idm 

Pulsed Drain Current <D 

9.0 

9:? 1 



A 

Vgs 

Gate - Source Voltage 

±20* 

V 

Pd @ Tc = 25°C 

Max. Power Dissipation 

15* (See Fig. 14) 

W 

Linear Derating Factor 

0.12* (See Fig. 14) 

W/K 

Ilm 

Inductive Current, Clamped 

9.0 

(See Fig. 15 and 16) L = 100,/H 

J 



A 

Tj 

Tstg 

Operating Junction and 

Storage Temperature Range 

-55 to 150 

“C 

Lead Temperature 

300(0.063 in. (1.6mm) from case for 10s)* 

®C 


ELECTRICAL CHARACTERISTICS @ Tc = 25°C (Unless otherwise specified) 


Parameter 

Type 

Min. 

Typ. 

Max. 

Units 

Test Conditions | 

BVdss 


2N6783 

150* 

- 

- 

V 

Vgs = OV 



2N6784 

200* 

- 

- 

V 

Id 500/jA 


VGS(th) 

Gate Threshold Voltage 

ALL 

2.0* 

- 

4.0* 

V 

Vds = Vgs. 'd = 500/,(A 

Igss 

Gate-Source Leakage Forward 

ALL 

- 

- 

100* 

nA 

Vgs = 20V 

Igss 

Gate-Source Leakage Reverse 

ALL 

- 

- 

-100* 

nA 

Vgs = -20V 

loss 

Zero Gate Voltage Drain Current 

ALL 

- 

- 

500* 

M 

Vds = Max. Rating, Vgs 

= 0V 

- 

- 

2000* 


Vds = Max. Rating, Vgs 

= OV, Tc = 125°C 

iD(on) 

On-State Drain Current © 

ALL 

2.25 

- 

- 

A 

Vds > iD(on) X RDS(on) max., VqS = lOV 

RDS(on) 

Static Drain-Source 

On-State Resistance @ 

ALL 


- 

1.5* 

Q 

Vgs = lOV, Id = 1.5A 

RDS(on) 

Static Drain-Source 

On-State Resistance @ 

ALL 

- 

- 

2.81 

Q 

Vgs = lOV. Id = 1.5A, Tc = 

125°C 

VDSIon) 

On -State Drain -Source 

Voltage @ 

ALL 

- 

- 

3.37* 

V 

Vgs = lOV, Id = 2.25A 

gfs 

Forward Transconductance © 

ALL 

.9* 


2.7* 

S(U) 

Vds = 15V, Id = 1.5A 

(^iss 

Input Capacitance 

ALL 

60* 

- 

200* 

PF 

Vgs = OV, Vds = 25V, f = 
See Fig. 10 

l.OMHz 

Coss 

Output Capacitance 

ALL 

20* 

- 

80* 

PF 

Crss 

Reverse Transfer Capacitance 

ALL 

5* 

- 

25* 

pF 


td(on) 

Turn-On Delay Time 

ALL 

- 

- 

15* 

ns 

Vdd = 75V, Id = 1.5A, Zo 

= 500 

Tr 

Rise Time 

ALL 

- 

- 

20* 

ns 

See Fig. 17 


td(off) 

Turn-Off Delay Time 

ALL 

- 

- 

30* 

ns 

(MOSFET switching times are essentially 

tf 

Fall Time 

ALL 

- 

- 

20* 

ns 

independent of operating temperature.) 

Qg 

Total Gate Charge 
(Gate-Source Plus Gate-Drain) 

ALL 

- 

5.0 

7.5 

nC 

Vgs = lOV, Id =4.5A, Vds = 0.8 Max. Rating, 

See Fig. 18 for test circuit. (Gate charge is essentially 

Qgs 

Gate-Source Charge 

ALL 

- 

2.0 

- 

nC 

independent of operating temperature.) 

Ogd 

Gate-Drain ("Miller”) Charge 

ALL 

- 

3.0 

- 

nC 



Ld 

Internal Drain Inductance 

ALL 


5.0 


nH 

Measured from the 
drain lead. 5mm (0.2 
in.) from header to 
center of die. 

Modified MOSFET 
symbol showing the 
internal device 
inductances. 

Ls 

Internal Source Inductance 

ALL 


15 


nH 

Measured from the 
source lead, 5mm (0.2 
in.) from header to 
source bonding pad. 



THERMAL RESISTANCE 


RthJC 

Junction-to-Case 

ALL 

- 

_ 

8.33* 

K/W 


RthJA 

Junction-to Ambient 

ALL 

- 

- 

175 

K/W 

Free Air Operation 


*lndicates JEDEC registered values. 
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2N6783 2N6784 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


Is 

Continuous Source Current 
(Body Diode) 

ALL 

- 

- 

2.25* 

A 

Modified MOSFET symbol 
showing the integral 
reverse P-N junction rectifier. 

Ism 

Pulse Source Current 
(Body Diode) (3) 

ALL 

- 

- 

9 

A 

VSD 

Diode Forward Voltage® 

ALL 

0.7 

- 

1.5* 

V 

Tc = 25®C, Is = 2.25A, Vqs = OV 

trr 

Reverse Recovery Time 

ALL 

- 

290 

_ 

ns 

Tj = 150®C, If = 2.25A, dlp/dt = 100A//iS 

Qrr 

Reverse Recovered Charge 

ALL 

- 

2.0 

- 

fjC 

Tj = 150®C, If = 2.25A, dlp/dt = 100A///S 

ton 

Forward Turn-on Time 

ALL 

Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Ls Ld- | 


(DTj = 25® to 150°C. ® Pulse Test: Pulse width < 300//S, Duty Cycle < 2%. (D Repetitive Rating: Pulse width limited 

by max. junction temperature. 

♦Indicates JEDEC registered values. See Transient Thermal Impedance Curve (Fig. 5). 


Fig. 1 - Typical Output Characteristics 
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Fig. 2 — Typical Transfer Characteristics 
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BVoss, DRAIN-TO-SOURCE BREAKSOWM VOLTAGE 

(NORMALIZED) gfs. TRANSCONOUCTANCE (SIEMENS) 


2N6783 2N6784 


Fig. 5 - Maximum Effective Transient Thermal Impedance, Junction-to-Case Vs. Pulse Duration 




Fig. 6 — Typical Transconductance Vs. Drain Current 
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Fig. 8 - Breakdown Voltage Vs. Temperature 
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RDS(on). drain TO-SOURCE ON RESISTANCE (OHMS) 


2N6783 2N6784 


Fig. 10 — Typical Capacitance Vs. Drain -to -Source Voltage 



Vqs, drain to SOURCE VOLTAGE (VOLTS) 
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Qb, total gate charge (nC) 


Fig. 12 — Typical On-Resistance Vs. Drain Current 
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2N6783 2N6784 



Fig. 17 — Switching Time Test Circuit 



Fig. 18 — Gate Charge Test Circuit 
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POWER MOSFET TRANSISTORS 

400 Volt, 3.6 Ohm 
N-Channel 


2N6785 

2N6786 


FEATURES 

• Fast Switching 

• Low Drive Current 

• Ease of Paralleling 

• No Second Breakdown 

• Excellent Temperature Stability 


DESCRIPTION 

The Unitrode power MOSFET design utilizes the most advanced technology available. 
This efficient design achieves a very low Rosfon) and a high transconductance. 

The Unitrode power MOSFET features all of the advantages of MOS technology such as 
voltage control, freedom from second breakdown, very fast switching speeds, and 
thermal stability. 

These power MOSFETS are ideally suited for many high-speed, high-power switching 
applications such as switching power supplies, motor controls, and wide-band and 
audio amplifiers. 


PRODUCT SUMMARY 


Part Number 

Vds 

RDS(on) 

Id 

2N6785 

350V 

3.6Q 

1.25A 

2N6786 

400V 

3.6fi 

1.25A 


MECHANICAL SPECIFICATIONS 
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2N6785 2N6786 


ABSOLUTE MAXIMUM RATINGS 


Parameter 

2N6785 

2N6786 



Units 

Vds 

Drain - Source Voltage (D 

350* 

400* 



V 

Vdgr 

Drain - Gate Voltage (Rqs = IMO) ® 

350* 

400* 



V 

Id @Tc = 25°C 

Continuous Drain Current 

1.25* 

1.25* 



A 

Idm 

Pulsed Drain Current (3) 

5.5 

5.5 



A 

Vgs 

Gate - Source Voltage 

±20* 

V 

Pd @ Tc = 25°C 

Max. Power Dissipation 

15* (See Fig. 14) 

W 

Linear Derating Factor 

0.12* (See Fig. 14) 

W/K 

Ilm 

Inductive Current, Clamped 

5.5 

(See Fig. 15 and 16) L = lOO^H 

5,5 ^ 1 



A 

Tj 

Tstg 

Operating Junction and 

Storage Temperature Range 

-55 to 150 

“C 

Lead Temperature 

300(0.063 in. (1.6mm) from case for 10s)* 

“C 


ELECTRICAL CHARACTERISTICS @ Tc = 25°C (Unless otherwise specified) 


Parameter 

Type 

Min. 

Typ. 

Max. 

Units 

Test Conditions [ 

BVdss 

Drain - Source 

2N6785 

350* 

- 

- 

V 

> 

o 

II 

(0 

o 

> 


Breakdown Voltage 

2N6786 

400* 

- 

- 

V 

Id = 500/wA 


VGS(th) 

Gate Threshold Voltage 

all 

2.0* 


4.0* 

v 

Vds = Vgs, Id = 500/yA 

Igss 

Gate-Source Leakage Forward 

all 

- 

- 

100* 

nA 

Vgs = 20V 

Igss 

Gate-Source Leakage Reverse 

all 

- 

- 

-100* 

nA 

Vgs = -20V 

loss 

Zero Gate Voltage Drain Current 

ALL 

- 

- 

500* 

nk 

Vds = Max. Rating, Vgs 

= 0V 

- 

- 

2000* 


Vds = Max. Rating, Vgs 

= OV, Tc = 125“C 

iD(on) 

On-State Drain Current ® 

ALL 

1.25 

- 

- 

A 

Vds > iD(on) X RDS(on) max., Vgs = lOV 

RDS(on) 

Static Drain-Source 

On-State Resistance ® 

ALL 

- 

- 

3.6* 

n 

Vgs = lOV, Id = .0.8A 

RDS(on) 

Static Drain-Source 

On-State Resistance @ 

ALL 

- 

- 

7.92* 

0 

Vgs = lOV, Id = .8A, Tc 

= 125°C 

VDS(on) 

On -State Drain-Source 

Voltage @ 

ALL 

- 

- 

4.5* 

V 

Vgs = lOV, Id = 1.25A 

gfs 

Forward Transconductance (D 

ALL 

0.7* 


2.1* 

S(U) 

Vds = 15V, Id = 0.8A 

Ciss 

Input Capacitance 

ALL 

60* 

- 

200* 

PF 

Vgs = OV, Vds = 25V, f = 
See Fig. 10 

l.OMHz 

Coss 

Output Capacitance 

ALL 

15* 

- 

50* 

PF 

Crss 

Reverse Transfer Capacitance 

ALL 

2* 

- 

15* 

pF 


td(on) 

Turn-On Delay Time 

ALL 

- 

- 

15* 

ns 

Vdd = 170V, Id = 0.8A, Z 

0 = 500 

Tr 

Rise Time 

ALL 

- 

- 

20* 

ns 

See Fig. 17 


td(off) 

Turn-Off Delay Time 

ALL 

- 

- 

35* 

ns 

(MOSFET switching times are essentially 

tf 

Fall Time 

ALL 

- 

- 

30* 

ns 

independent of operating temperature.) 

Qg 

Total Gate Charge 
(Gate-Source Plus Gate-Drain) 

ALL 

- 

6.0 

7.5 

nC 

Vgs = lOV, Id = 2.0A, Vds = 0.8 Max. Rating. 

See Fig. 18 for test circuit. (Gate charge is essentially 

Qgs 

Gate-Source Charge 

ALL 

- 

3.0 

- 

nC 

independent of operating temperature.) 

Qgd 

Gate-Drain ("Miller”) Charge 

ALL 


3.0 

- 

nC 



Ld 

Internal Drain Inductance 

ALL 


5.0 


nH 

Measured from the 
drain lead. 5mm (0.2 
in.) from header to 
center of die. 

Modified MOSFET 
symbol showing the 
internal device 
inductances. 

Ls 

Internal Source Inductance 

ALL 


15 


nH 

Measured from the 
source lead, 5mm (0.2 
in.) from header to 
source bonding pad. 



THERMAL RESISTANCE 


RthJC 

Junction-to-Case 

ALL 

- 

_ 

8.33* 

K/W 


RthJA 

Junction-to Ambient 

ALL 

- 

- 

175 

K/W 

Free Air Operation 


♦Indicates JEDEC registered values. 
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2N6785 2N6786 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


Is 

Continuous Source Current 
(Body Diode) 

ALL 

- 

- 

1.25* 

A 

Modified MOSFET symbol 
showing the integral 

reverse P-N junction rectifier. ( IhtX] 

Ism 

Pulse Source Current 
(Body Diode) (D 

ALL 

- 

- 

5.5 

A 

VSD 

Diode Forward Voltage (D 

ALL 

0.6* 

- 

1.4* 

V 

Tc = 25®C, Is = 1.25A, Vqs = OV 

trr 

Reverse Recovery Time 

ALL 

- 

380 

- 

ns 

Tj = 150°C, If = 1.25A, dlp/dt = 100A//.<s 

Qrr 

Reverse Recovered Charge 

ALL 

- 

2.7 

- 

/X) 

Tj = 150“C, If = 1.25A, dlp/dt = l00^/^ 

ton 

Forward Turn-on Time 

ALL 

Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Ls + Ld- [ 


(D Tj = 25® to 150®C. (2) Pulse Test: Pulse width < 300/iS, Duty Cycle < 2%. (S) Repetitive Rating: Pulse width limited 

by max. junction temperature. 

•Indicates JEDEC registered values. See Transient Thermal Impedance Curve (Fig. 5). 


Fig. 1 - Typical Output Characteristics 
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0 20 40 60 80 100 

Vos, ORAIN TO SOURCE VOLTAGE (VOLTS) 


Fig. 2 — Typical Transfer Characteristics 



0 2 4 6 8 10 

Vgs, gate to source voltage (VOLTS) 


Fig. 3 - Typical Saturation Characteristics 



Fig. 4 Forward Bias Safe Operating Area 
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2N6785 2N6786 


Fig. 5 — Maximum Effective Transient Thermal Impedance, Junction-to-Case Vs. Pulse Duration 



10-5 2 5 10-4 2 5 io-3 2 5 io-2 2 5 iq-I 2 5 io 2 5 iq 

ti, SQUARE WAVE PULSE DURATION (SECONDS) 

Fig. 6 — Typical Transconductance Vs. Drain Current Fig. 7 — Typical Source-Drain Diode Forward Voltage 


n 

1 1 




V 

DS>' 

D(on) > 

f^DS(on) ma 
































! 

y/ 






y 




1 





' 





L 









0 0 22 0 44 0 66 0 88 1 1 1 32 1 54 1 76 1 98 2 2 

Id, drain current (AMPERES) 


1 0 2 0 3.0 4.0 5.0 

VgQ, SOURCE TO DRAIN VOLTAGE (VOLTS) 


Fig. 8 — Breakdown Voltage Vs. Temperature 


Fig. 9 — Normalized On-Resistance Vs. Temperature 
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2N6785 2N6786 



Fig. 15 - Clamped Inductive Test Circuit 


Fig. 16 — Clamped Inductive Waveforms 



Fig. 17 — Switching Time Test Circuit 



Fig. 18 — Gate Charge Test Circuit 
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POWER MOSFET TRANSISTORS 

100 Volt, 0.30 Ohm 
N-Channel 


2N6787 

2N6788 


FEATURES 

• Fast Switching 

• Low Drive Current 

• Ease of Paralleling 

• No Second Breakdown 

• Excellent Temperature Stability 


DESCRIPTION 

The Unitrode power MOSFET design utilizes the most advanced technology available. 
This efficient design achieves a very low Roston) and a high transconductance. 

The Unitrode power MOSFET features all of the advantages of MOS technology such as 
voltage control, freedom from second breakdown, very fast switching speeds, and 
thermal stability. 

These power MOSFETS are ideally suited for many high-speed, high-power switching 
applications such as switching power supplies, motor controls, and wide-band and 
audio amplifiers. 


PRODUCT SUMMARY 


Part Number 

Vds 

RDS(on) 

Id 

2N6787 

60V 

0.300 

6.0A 

2N6788 

lOOV 

0.300 

6.0A 


MECHANICAL SPECIFICATIONS 





UNITRODE 
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ABSOLUTE^AXIMUM RATINGS 


2N^787 2N6788 


Parameter 

2N6787 

2N6788 



Units 

Vds 

Drain - Source Voltage 

60* 

100* 



V 

Vdgr 

Drain - Gate Voltage (Rqs = IMO) 

60* 

100* 



V 

Id @ Tc = 25°C 

Continuous Drain Current 

6.0* 

6.0* 



A 

Idm 

Pulsed Drain Current 

24 

24 



A 

Vgs 

Gate - Source Voltage 

±20* 

V 

Pd @ Tc = 25°C 

Max. Power Dissipation 

20* (See Fig. 14) 

W 

Linear Derating Factor 

0.16* (See Fig. 14) 

W/K 

Ilm 

Inductive Current, Clamped 

24 

(See Fig. 15 and 16) L = lOO^uH 

^ ^ 1 


A 

Tj 

Tstg 

Operating Junction and 

Storage Temperature Range 

-55 to 150 

°C 

Lead Temperature 

300(0.063 in. (1.6mm) from case for 10s)* 

°C 


ELECTRICAL CHARACTERISTICS @ Tc = 25°C (Unless otherwise specified) 


Parameter 

Type 

Min. 

Typ. 

Max. 

Units 

Test Conditions 

BVdss 

Drain - Source 

2N6787 

60* 

- 

- 

V 

Vgs = OV 


Breakdown Voltage 

2N6788 

100* 

- 

- 

V 

Id = 1.0mA 


VGS(th) 

Gate Threshold Voltage 

ALL 

2.0* 

- 

4.0* 

V 

Vds = Vgs, Id = l.OmA 

Igss 

Gate-Source Leakage Forward 

ALL 

- 

- 

100* 

nA 

Vgs = 20V 

Igss 

Gate-Source Leakage Reverse 

ALL 

- 

- 

-100* 

nA 

Vgs = -20V 

loss 

Zero Gate Voltage Drain Current 

ALL 

- 

- 

1.0* 

mA 

Vds = Max. Rating, Vgs 

= 0V 

- 

- 

4.0* 

mA 

Vds = Max. Rating, Vgs 

= OV, Tc = 125°C 

iD(on) 

On-State Drain Current (2) 

ALL 

6.0 

- 

- 

A 

Vds > iD(on) X RDS(on) 

max., Vgs = lOV 

RDS(on) 

Static Drain-Source 

On-State Resistance (D 

ALL 

- 

- 

0.30* 

Q 

Vgs = lOV, Id = 3.5A 

RDS(on) 

Static Drain-Source 

On-State Resistance @ 

ALL 

- 

- 

0.54* 

Q 

Vgs = lOV, Id = 3.5A, Tc = 125°c 

VDS(on) 

On-State Drain-Source 

Voltage (5) 

ALL 

- 

- 

1.80* 

V 

Vgs = lOV, Id =6.0a 

gfs 

Forward Transconductance (D 

ALL 

1.5* 


4.5* 

S(U) 

Vds = 15V, Id = 3.5A 

Ciss 

Input Capacitance 

ALL 

200* 

- 

600* 

PF 

Vgs = OV, Vds = 25V, f = 
See Fig. 10 

l.OMHz 

Coss 

Output Capacitance 

ALL 

100* 

- 

400* 

PF 

Crss 

Reverse Transfer Capacitance 

ALL 

20* 

- 

100* 

pF 


td(on) 

Turn-On Delay Time 

ALL 

- 

- 

40* 

ns 

Vdd = 35V, Id = 3.5A,Zc 

= 500 

Tr 

Rise Time 

ALL 

- 

- 

70* 

ns 

See Fig. 17 


td(off) 

Turn-Off Delay Time 

ALL 

- 

- 

40* 

ns 

(MOSFET switching times are essentially 

tf 

Fall Time 

ALL 

- 

- 

70* 

ns 

independent of operating temperature.) 

Qg 

Total Gate Charge 
(Gate-Source Plus Gate-Drain) 

ALL 

- 

10 

15 

nC 

Vdd = 35V, Id = 2.25A, Z 
See Fig. 17 

3 = 500 

Qgs 

Gate-Source Charge 

ALL 

- 

6.0 

- 

nC 

(MOSFET switching times are essentially 

Ogd 

Gate-Drain (“Miller”) Charge 

ALL 

- 

4.0 

- 

nC 



Ld 

Internal Drain Inductance 

ALL 


5.0 


nH 

Measured from the 
drain lead. 5mm (0.2 
in.) from header to 
center of die. 

Modified MOSFET 
symbol showing the 
internal device 
inductances. 

Ls 

Internal Source Inductance 

ALL 


15 


nH 

Measured from the 
source lead, 5mm (0.2 
in.) from header to 
source bonding pad. 



THERMAL RESISTANCE 


RthJC 

Junction-to-Case 

ALL 

- 

- 

6.25* 

K/W 


RthJA 

Junction-to Ambient 

ALL 

- 

- 

175 

K/W 

Free Air Operation 


♦Indicates JEDEC registered values. 
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2N6787 2N6788 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


Is 

Continuous Source Current 
(Body Diode) 

ALL 

- 

- 

6.0* 

A 

Modified MOSFET symbol 
showing the integral 
reverse P-N junction rectifier. 

Ism 

Pulse Source Current 
(Body Diode) (D 

ALL 

- 

- 

24 

A 

VSD 

Diode Forward Voltage (D 

ALL 

0.8* 

- 

1.8* 

V 

Tc = 25°C, Is = 6.0A, Vgs = OV 

trr 

Reverse Recovery Time 

ALL 

- 

230 

- 

ns 

Tj = 150°C, If = 6.0A, dlp/dt = lOOA/jus 

Qrr 

Reverse Recovered Charge 

ALL 

- 

1.2 

- 

//C 

Tj = 150°C, If = 6.0A, dlp/dt = lOOA/^ 

ton 

Forward Turn-on Time 

ALL 

Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Ls + Ld- [ 


0 Tj = 25® to 150®C. (D Pulse Test: Pulse width < SOO/us, Duty Cycle < 2%. (D Repetitive Rating: Pulse width limited 

by max. junction temperature. 

•Indicates JEDEC registered values See Transient Thermal Impedance Curve (Fig. 5). 


Fig. 1 — Typical Output Characteristics 



Vqs, drain to source voltage (VOLTS) 


Fig. 2 — Typical Transfer Characteristics 
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Fig. 3 - Typical Saturation Characteristics 


Fig. 4 — Forward Bias Safe Operating Area 
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ZthJC<»>/RthJC< normalized effective transient 

THERMAL IMPEDANCE (PER UNIT) 


2N6787 2N6788 


Fig. 5 — Maximum Effective Transient Thermal Impedance, Junction-to-Case Vs. Pulse Duration 
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Fig. 6 — Typical Transconductance Vs. Drain Current 


Fig. 7 — Typical Source-Drain Diode Forward Voltage 
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Fig. 8 — Breakdown Voltage Vs. Temperature 
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Fig. 9 — Normalized On-Resistance Vs. Temperature 
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2N6787 2N6788 



0 10 20 30 40 50 

Vqs. DRAIN-TO-SOURCE voltage (VOLTS) 


Fig. 11 — Typical Gate Charge vs Gate-to-Source Voltage 



Fig. 12 — Typical On-Resistance Vs. Drain Current Fig. 13 — Maximum Drain Current vs Case Temperature 
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Fig. 14 — Power Vs. Temperature Derating Curve 
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2N6787 2N6788 



Fig. 15 — Clamped Inductive Test Circuit Fig. 16 — Clamped Inductive Waveforms 



Fig. 17 — Switching Time Test Circuit 



Fig. 18 — Gate Charge Test Circuit 
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POWER MOSFET TRANSISTORS 

200 Volt, 0.80 Ohm 
N-Channel 


2N6789 

2N6790 


FEATURES 

• Fast Switching 

• Low Drive Current 

• Ease of Paralleling 

• No Second Breakdown 

• Excellent Temperature Stability 


DESCRIPTION 

The Unitrode power MOSFET design utilizes the most advanced technology available. 
This efficient design achieves a very low RDS(on) and a high transconductance. 

The Unitrode power MOSFET features all of the advantages of MOS technology such as 
voltage control, freedom from second breakdown, very fast switching speeds, and 
thermal stability. 

These power MOSFETS are ideally suited for many high-speed, high-power switching 
applications such as switching power supplies, motor controls, and wide-band and 
audio amplifiers. 


PRODUCT SUMMARY 


Part Number 

Vds 

RDS(on) 

Id 

2N6789 

150 V 

0.80Q 

3.5A 

2N6790 

200V 

0.80Q 

3.5A 


MECHANICAL SPECIFICATIONS 
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ABSOLUTE MAXIMUM RATINGS 


Parameter 

2N6789 

2N6790 



Units 

Vds 

Drain - Source Voltage (T) 

150* 

200* 



V 

Vdgr 

Drain - Gate Voltage (Rqs = IMD) © 

150* 

200* 



V 

Id @ Tc = 25°C 

Continuous Drain Current 

3.5* 

3.5* 



A 

Idm 

Pulsed Drain Current (D 

14 

14 



A 

Vgs 

Gate - Source Voltage 

±20* 

V 

Pd @ Tc = 25°C 

Max. Power Dissipation 

20* (See Fig. 14) 

W 

Linear Derating Factor 

0.16* (See Fig. 14) 

W/K 

Ilm 

Inductive Current, Clamped 

y 1 

(See Fig. 15 and 16) L = 100//H 

w J 


A 

Tj 

Tstg 

Operating Junction and 

Storage Temperature Range 

-55 to 150 

°C 

Lead Temperature 

300(0.063 in. (1.6mm) from case for 10s)* 

“C 


ELECTRICAL CHARACTERISTICS @ Tc = 25°C (Unless otherwise specified) 


Parameter 

Type 

Min. 

Typ. 

Max. 

Units 

Test Conditions 

BVdss 

Drain - Source 

2N6789 

150* 

- 

- 

V 

> 

o 

II 

CO 

o 

> 


Breakdown Voltage 

2N6790 

200* 

- 

- 

V 

Id = 1.0mA 


VGS(th) 

Gate Threshold Voltage 

all 

2.0* 

- 

4.0* 

V 

Vds = Vgs. Id = 1.0mA 

Igss 

Gate-Source Leakage Forward 

all 

- 

- 

100* 

nA 

Vgs = 20V 

Igss 

Gate-Source Leakage Reverse 

all 

- 

- 

-100* 

nA 

Vgs = -20V 

loss 

Zero Gate Voltage Drain Current 


- 

- 

1.0* 


Vds = Max. Rating, Vgs 

= 0V 


- 

- 

4.0* 


Vds = Max. Rating, Vgs 

= OV, Tc = 125°C 

iD(on) 

On -State Drain Current (2) 

ALL 

3.5 

- 

- 

A 

Vds > iD(on) X RDS(on) max.. Vgs = lOV 

RDS(on) 

Static Drain-Source 

On-State Resistance © 

ALL 

- 

- 

0.8* 

Q 

Vgs = lOV, Id = 2.25A 

RDS(on) 

Static Drain-Source 

On-State Resistance ( 2 ) 

ALL 

- 

- 

1.5* 

0 

Vgs = lOV, Id = 2.25A, Tc = 125°c 

VDS(on) 

On-State Drain-Source 

Voltage ©, 

ALL 

- 

- 

2.8* 

V 

Vgs = lOV, Id = 3.5A 

gfs 

Forward Transconductance (5) 

ALL 

1.5* 


4.5* 

S(U) 

Vds = 15V, Id = 2.25A 

Ciss 

Input Capacitance 

ALL 

200* 

- 

600* 

PF 

Vgs = OV, Vds = 25V, f = 
See Fig. 10 

l.OMHz 

Coss 

Output Capacitance 

ALL 

60* 

- 

300* 

PF 

Crss 

Reverse Transfer Capacitance 

ALL 

15* 

- 

80* 

pF 


td(on) 

Turn-On Delay Time 

ALL 

- 

- 

40* 

ns 

Vdd = 74V, Id = 2.25A, Z 

0= 50fi 

Tr 

Rise Time 

ALL 

- 

- 

50* 

ns 

See Fig. 17 


td(off) 

Turn-Off Delay Time 

ALL 

- 

- 

50* 

ns 

(MOSFET switching times are essentially 

tf 

Fall Time 

ALL 

- 

- 

50* 

ns 

independent of operating temperature.) 

Qg 

Total Gate Charge 
(Gate-Source Plus Gate-Drain) 

ALL 

- 

11 

15 

nC 

Vgs = lOV, Id = 7.0A, Vds = 0.8 Max. Rating, 

See Fig. 18 for test circuit. (Gate charge is essentially 

Qgs 

Gate-Source Charge 

ALL 

- 

5 

- 

nC 

Qgd 

Gate-Drain (“Miller") Charge 

ALL 

- 

6 

- 

nC 

independent of operating temperature.) 

Ld 

Internal Drain Inductance 

ALL 


5.0 


nH 

Measured from the 
drain lead. 5mm (0.2 
in.) from header to 
center of die. 

Modified MOSFET 
symbol showing the 
internal device 
inductances. 

Ls 

Internal Source Inductance 

ALL 


15 


nH 

Measured from the 
source lead, 5mm (0.2 
in.) from header to 
source bonding pad. 



THERMAL RESISTANCE 


RthJC 

Junction-to-Case 

ALL 

- 

- 

6.25* 

K/W 


RthJA 

Junction-to Ambient 

ALL 

- 

- 

175 

K/W 

Free Air Operation 


*lndicates JEDEC registered values. 
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2N6789 2N6790 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


Is 

Continuous Source Current 
(Body Diode) 

ALL 

- 

- 

3.5* 

A 

Modified MOSFET symbol ^ 

showing the integral 

reverse P-N junction rectifier. ( 

Ism 

Pulse Source Current 
(Body Diode) (3) 

ALL 

- 

- 

14 

A 

VSD 

Diode Forward Voltage (D 

ALL 

0.7* 

- 

1.5* 

V 

Tc = 25®C, Is = 3.5A, Vqs = OV 

trr 

Reverse Recovery Time 

ALL 

- 

350 

- 

ns 

Tj = 150®C, If = 3.5A, dlp/dt = 100A///S 

Qrr 

Reverse Recovered Charge 

ALL 

- 

2.3 

- 


Tj = 150®C, If = 3.5A, dlp/dt = lOOA/yus 

ton 

Forward Turn-on Time 

ALL 

Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Ls Ld- ] 


®Tj = 25® to 150®C. (2) Pulse Test: Pulse width < SOOfjs, Duty Cycle < 2%. (^Repetitive Rating: Pulse width limited 

by max. junction temperature. 

*lndicates JEDEC registered values. See Transient Thermal Impedance Curve (Fig. 5). 
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Fig. 3 — Typical Saturation Characteristics 
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ZthjcItl/RthJC. normalized effective transient 

THERMAL IMPEDANCE (PER UNIT) 


2N6789 2N6790 



10-5 2 5 10-^ 2 5 10-3 2 5 iq-Z 2 5 iq-I 2 5 iq 2 5 io 


ti, SQUARE WAVE PULSE DURATION (SECONDS) 


Fig. 6 - Typical Transconductance Vs. Drain Current 
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Vso. SOURCE TO DRAIN VOLTAGE (VOLTS) 


Fig. 8 — Breakdown Voltage Vs. Temperature 
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*OS(on)' TO-SOURCE ON RESISTANCE (OHMS) C, CAPACITANCE (pt) 


2N6789 2N6790 


Fig. 10 — Typical Capacitance Vs. Drain-to-Source Voltage Fig. 11 — Typical Gate Charge vs Gate-to-Source Voltage 




Vos. drain to source VOLTAGE (VOLTS) Qg, TOTAL GATE CHARGE (nC) 


Fig. 12 — Typical On-Resistance Vs. Drain Current 



0 5 10 15 20 


Fig. 13 — Maximum Drain Current vs Case Temperature 



iQ, DRAIN CURRENT (AMPERES) 


Tc, CASE TEMPERATURE (°C) 


Fig. 14 - Power Vs. Temperature Derating Curve 
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2N6789 2N6790 



Fig. 17 — Switching Time Test Circuit 



Fig. 18 — Gate Charge Test Circuit 
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POWER MOSFET TRANSISTORS 

400 Volt, 1.8 Ohm 
N-Channel 


2N6791 

2N6792 


FEATURES 

• Fast Switching 

• Low Drive Current 

• Ease of Paralleling 

• No Second Breakdown 

• Excellent Temperature Stability 


DESCRIPTION 

The Unitrode power MOSFET design utilizes the most advanced technology available. 
This efficient design achieves a very low Rosion) and a high transconductance. 

The Unitrode power MOSFET features all of the advantages of MOS technology such as 
voltage control, freedom from second breakdown, very fast switching speeds, and 
thermal stability. 

These power MOSFETS are ideally suited for many high-speed, high-power switching 
applications such as switching power supplies, motor controls, and wide-band and 
audio amplifiers. 


PRODUCT SUMMARY 


Part Number 

Vds 

I^DS(on) 

Id 

2N6791 

350V 

1.80 

2.0A 

2N6792 

400V 

1.8Q 

2.0A 


MECHANICAL SPECIFICATIONS 
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2N6791 2N6792 


ABSOLUTE MAXIMUM RATINGS 


Parameter 

2N6791 

2N6792 



Units 

Vds 

Drain - Source Voltage ® 

350* 

400* 



V 

Vdgr 

Drain - Gate Voltage (Rqs = IMQ) ® 

350* 

400* 



V 

Id @ Tc = 25°C 

Continuous Drain Current 

2.0* 

2.0* 



A 

Idm 

Pulsed Drain Current (D 

10 

10 



A 

Vgs 

Gate - Source Voltage 

±20* 

V 

Pd @ Tc = 25“C 

Max. Power Dissipation 

20* (See Fig. 14) 

W 

Linear Derating Factor 

0.16* (See Fig. 14) 

W/K 

Ilm 

Inductive Current, Clamped 

10 


(See Fig. 15 and 16) L = 100/iH 

. JO _ ! _ 


A 

O) 

Operating Junction and 

Storage Temperature Range 

-55 to 150 

°C 

Lead Temperature 

300(0.063 in. (1.6mm) from case for 10s) 

°C 


ELECTRICAL CHARACTERISTICS @ Tc = 25°C (Unless otherwise specified) 


Parameter 

Type 

Min. 

Typ. 

Max. 

Units 

Test Conditions 

BVdss 

Drain - Source 

2N6791 

350* 

- 

- 

V 

Vgs = OV 




Breakdown Voltage 

2N6792 

400* 

- 

- 

V 

Id = l.OmA 




VGS(th) 

Gate Threshold Voltage 

ALL 

2.0* 

- 

4.0* 

V 

Vds = Vgs- Id = l.OmA 

loss 

Gate-Source Leakage Forward 

ALL 

- 

- 

100* 

nA 

Vgs = 20V 

Igss 

Gate-Source Leakage Reverse 

ALL 

- 

- 

-100* 

nA 

Vgs = -20V 

loss 

Zero Gate Voltage Drain Current 

ALL 

- 

- 

1.0* 

mA 

Vds = Max. Rating, Vgs 

= OV 



- 

- 

4.0* 


Vds = Max. Rating, Vgs 

= OV, Tc = 125°C 

iD(on) 

On-State Drain Current (D 

ALL 

2.0 

- 

- 

A 

Vds > iD(on) X RDS(on) 

max., Vgs = 

lOV 


RDS(on) 

Static Drain-Source ^ 

On-State Resistance ^ 

ALL 

- 

- 

1.8* 

Q 

Vgs = lOV, Id = 1.25A 

RDS(on) 

Static Drain-Source 

On-State Resistance ® 

ALL 

- 

- 

4.0* 

n 

Vgs = lOV, Id = 1.25A, Tc = 125°c 

VDSIon) 

On-State Drain-Source ^ 

Voltage ® 

ALL 

- 

- 

3.6* 

V 

Vgs = lOV, Id = 2.0A 

gfs 

Forward Transconductance (2) 

ALL 

1.0* 


3.0* 

S(U) 

Vds = 15V, Id = 1.25A 

Ciss 

Input Capacitance 

ALL 

200* 

- 

600* 

PF 

Vgs = OV, Vds = 25V, f = 
See Fig. 10 

l.OMHz 



Coss 

Output Capacitance 

ALL 

40* 

- 

200* 

PF 



Crss 

Reverse Transfer Capacitance 

ALL 

5* 

- 

40* 

pF 




td(on) 

Turn-On Delay Time 

ALL 

- 

- 

40* 

ns 

Vdd = 35V, Id = 1.25A,Z 

o = 50Q 



Tr 

Rise Time 

ALL 

- 

- 

35* 

ns 

See Fig. 17 




td(off) 

Turn-Off Delay Time 

ALL 

- 

- 

60* 

ns 

(MOSFET switching times are essentially 


tf 

Fall Time 

ALL 

- 

- 

35* 

ns 

independent of operating temperature.) 


Qg 

Total Gate Charge 
(Gate-Source Plus Gate-Drain) 

ALL 

- 

12 

15 

nC 

Vgs = lOV, Id = 5.0A, Vds = 0.8 Max. Rating. 

See Fig. 18 for test circuit. (Gate charge is essentially 

Qgs 

Gate-Source Charge 

ALL 

- 

6.0 

- 

nC 

independent of operating temperature .) 


Ogd 

Gate-Drain (“Miller”) Charge 

ALL 

- 

6.0 

- ' 

nC 





Ld 

Internal Drain Inductance 

ALL 


5.0 


nH 

Measured from the 
drain lead. 5mm (0.2 
in.) from header to 
center of die. 

Modified MOSFET 
symbol showing the 
internal device 
inductances. 

Ls 

Internal Source Inductance 

ALL 


15 


nH 

Measured from the 
source lead, 5mm (0.2 
in.) from header to 
source bonding pad. 






THERMAL RESISTANCE 


RthJC 

Junction-to-Case 

ALL 

- 

- 

6.25* 

K/W 


RthJA 

Junction-to Ambient 

ALL 

- 

- 

175 

K/W 

Free Air Operation 


♦Indicates JEDEC registered values. 


UNITRODE CORPORATION • 5 FORBES ROAD 
LEXINGTON, MA 02173 • TEL. (617) 861-6540 
TWX (710) 326-6509 • TELEX 95-1064 


4-169 


PRINTED IN U.S A 





2N6791 2N6792 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


Is 

Continuous Source Current 
(Body Diode) 

ALL 

- 

- 

20* 

A 

Modified MOSFET symbol d 

showing the integral A|— ^ 

reverse P-N junction rectifier. 

■SM 

Pulse Source Current 
(Body Diode) (3) 

ALL 

- 

- 

10 

A 

VSD 

Diode Forward Voltage © 

ALL 

0.6* 

- 

1.4* 

V 

Tc = 25°C, Is = 2.0A, Vgs = OV 

trr 

Reverse Recovery Time 

ALL 

- 

450 

- 

ns 

Tj = 150°C, If = 2.0A, dlp/dt = 100A//iS 

Qrr 

Reverse Recovered Charge 

ALL 

_ 

3.1 

_ 

/iC 

Tj = 150°C, If = 2.0A, dlp/dt = 100A//us 

ton 

Forward Turn-on Time 

ALL 

Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Ls + Ld- ] 


© Tj = 25" to 150®C. ©Pulse Test; Pulse width < 300/js, Duty Cycle < 2%. (3) Repetitive Rating: Pulse width limited 

by max. junction temperature. 

*lndicates JEDEC registered values. See Transient Thermal Impedance Curve (Fig. 5). 



0 4 8 12 16 20 

Vqs. drain to source voltage (VOLTS) 



0 1 2 3 4 5 6 

Vqs, gate to source voltage (VOLTS) 


Fig. 3 — Typical Saturation Characteristics 



Vqs. drain to source VOLTAGE (VOLTS) 


Fig. 4 — Forward Bias Safe Operating Area 
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Vds, DRAIN-TO-SOURCE voltage (VOLTS) 
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ZthJC<*>/"thJC. NORMALIZED EFFECTIVE TRANSIENT 
THERMAL IMPEDANCE (PER UNIT) 


2N6791 2N6792 


Fig. 5 — Maximum Effective Transient Thermal Impedance, Junction-to*Case Vs. Pulse Duration 



Fig. 6 — Typical Transconductance Vs. Drain Current 
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Vso. SOURCE TO DRAIN VOLTAGE (VOLTS) 




Tj, JUNCTION TEMPERATURE (OC) 
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2N6791 2N6792 


Fig. 10 - Typical Capacitance Vs. Drain-to-Source Voltage 



Vqs, drain to source voltage (VOLTS) 


Fig. 11 - Typical Gate Charge Vs. Gate -to -Source Voltage 



0 4 8 12 16 20 

Qg. TOTAL GATE CHARGE (nC) 


Fig. 12 — Typical On-Resistance Vs. Drain Current 



0 2 4 6 8 10 12 


Iq, DRAIN CURRENT (AMPERES) 


Fig. 13 — Maximum Drain Current Vs. Case Temperature 



Fig. 14 — Power Vs. Temperature Derating Curve 
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2N6791 2N6792 


Fig. 15 - Clamped Inductive Test Circuit 


Fig. 16 — Clamped Inductive Waveforms 



Ei=0.5BVdss Ec = 0.75BVoss 



Fig. 17 — Switching Time Test Circuit 



Fig. 18 — Gate Charge Test Circuit 
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POWER MOSFET TRANSISTORS 

500 Volt, 3.0 Ohm 
N-Channel 


2N6793 

2N6794 


FEATURES 

• Fast Switching 

• Low Drive Current 

• Ease of Paralleling 

• No Second Breakdown 

• Excellent Temperature Stability 


DESCRIPTION \ 

The Unitrode pow^ MOSFET design utilizes the most advanced technology available. 
This efficient desigi^achieves a very low Roston) and a high transconductance. 

The Unitrode power MOSFET features all of the advantages of MOS technology such as 
voltage control, freedom from second breakdown, very fast switching speeds, and 
thermal stability. \ 

These power MOSFETS a^ ideally suited for many high-speed, high-power switching 
applications such as switching power supplies, motor controls, and wide-band and 
audio amplifiers. ' 


PRODUCT SUMMARY 


Part Number 

Vds 

RDS(on) 

Id 

2N6793 

450V 

3.0Q 

1.5A 

2N6794 

500V 

3.on 

1.5 A 


MECHANICAL SPECIFICATIONS 
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2N6793 2N6794 


ABSOLUTE MAXIMUM RATINGS 


Parameter 

2N6793 

2N6794 



Units 

Vds 

Drain - Source Voltage © 

450* 

500* 



V 

Vdgr 

Drain - Gate Voltage (Rqs = IMQ)® 

450* 

500* 



V 

Id @ Tc = 25°C 

Continuous Drain Current 

1.5* 

1.5* 



A 

Idm 

Pulsed Drain Current @ 

6.5 

6.5 



A 

Vgs 

Gate - Source Voltage 

±20* 

V 

Pd @ Tc = 25“C 

Max. Power Dissipation 

20* (See Fig. 14) 

W 

Linear Derating Factor 

0.16* (See Fig. 14) 

W/K 

Ilm 

Inductive Current, Clamped 

6.5 

(See Fig. 15 and 16) L = lOOfjH 
6.5 1 



A 

Tj 

Tstg 

Operating Junction and 

Storage Temperature Range 

-55 to 150 

°C 

Lead Temperature 

300(0.063 in. (1.6mm) from case for 10s)* 

“C 


ELECTRICAL CHARACTERISTICS @ Tc = 25°C (Unless otherwise specified) 


Parameter 

Type 

Min. 

Typ. 

Max. 

Units 

Test Conditions 

BVdss 

Drain - Source 

2N6793 

450* 

- 

_ 

V 

Vgs = OV 


Breakdown Voltage 

2N6794 

500* 

- 

- 

V 

Id = 1.0mA 


VGS(th) 

Gate Threshold Voltage 

all 

2.0* 

- 

4.0* 

V 

Vds = Vgs> Id = 1.0mA 

Igss 

Gate-Source Leakage Forward 

all 

- 

- 

100* 

nA 

Vgs = 20V 

less 

Gate-Source Leakage Reverse 

ALL 

- 

- 

-100* 

nA 

Vgs = -20V 

loss 

Zero Gate Voltage Drain Current 

ALL 

- 

- 

1.0* 

mA 

Vds = Max. Rating, Vgs 

= OV 

- 

- 

4.0* 

mA 

Vds = Max. Rating, Vgs 

= OV, Tc = 125°C 

iD(on) 

On -State Drain Current ® 

ALL 

1.5 

- 

- 

A 

Vds > iD(on) X RDS(on) max., Vqs = lOV 

RDS(on) 

Static Drain-Source 

On-State Resistance @ 

ALL 

- 

- 

3.0* 

Q 

Vgs = lOV, Id = l.OA 

RDS(on) 

Static Drain-Source 

On-State Resistance (D 

ALL 

- 

- 

6.6* 

Q 

Vgs = lOV, Id = l.OA, Tc = 125°c 

VDS(on) 

On-State Drain-Source 

Voltage ® 

ALL 

- 

- 

4.5* 

V 

Vgs = lOV, Id = 1.5A 

gfs 

Forward Transconductance ® 

ALL 

1.0* 


3.0* 

S(U) 

Vds = 15V, Id = l.OA 

Ciss 

Input Capacitance 

ALL 

200* 

- 

600* 

PF 

Vgs = OV, Vds = 25V, f = 
See Fig. 10 

l.OMHz 

Coss 

Output Capacitance 

ALL 

30* 

- 

150* 

PF 

Crss 

Reverse Transfer Capacitance 

ALL 

5* 

- 

40* 

pF 


td(on) 

Turn-On Delay Time 

ALL 

- 

- 

40* 

ns 

Vdd = 225V, Id = l.OA, 
See Fig. 17 

o = 50n 

Tr 

Rise Time 

ALL 

- 

- 

30* 

ns 

td(off) 

Turn-Off Delay Time 

ALL 

- 

- 

60* 

ns 

(MOSFET switching times are essentially 
independent of operating temperature.) 

tf 

Fall Time 

ALL 

- 

- 

30* 

ns 

Qg 

Total Gate Charge 
(Gate-Source Plus Gate-Drain) 

ALL 

- 

11 

15 

nC 

Vgs = lOV, Id = 3.0A, Vds = 0.8 Max. Rating, 

See Fig. 18 for test circuit. (Gate charge is essentially 

Qgs 

Gate-Source Charge 

ALL 

- 

5 

- 

nC 

Ogd 

Gate-Drain ("Miller”) Charge 

ALL 

- 

6 

- 

nC 

independent of operating temperature 

Ld 

Internal Drain Inductance 

ALL 


5.0 


nH 

Measured from the 
drain lead. 5mm (0.2 
in.) from header to 
center of die. 

Modified MOSFET 
symbol showing the 
internal device 
inductances. 

Ls 

Internal Source Inductance 

ALL 


15 


nH 

Measured from the 
source lead, 5mm (0.2 
in.) from header to 
source bonding pad. 



THERMAL RESISTANCE 


RthJC 

Junction-to-Case 

ALL 

- 

- 

6.25* 

K/W 


RthJA 

Junction-to Ambient 

ALL 

- 

- 

175 

K/W 

Free Air Operation 


♦Indicates JEDEC registered values. 
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2N6793 2N6794 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


Is 

Continuous Source Current 
(Body Diode) 

ALL 

- 

- 

1.5* 

A 

Modified MOSFET symbol 
showing the integral 
reverse P-N junction rectifier. 

• 

\ 

:) 

/ ' 

Ism 

Pulse Source Current 
(Body Diode) 

ALL 

- 

- 

6.5 

A 

VSD 

Diode Forward Voltage (g) 

ALL 

0.6* 

- 

1.2* 

V 

Tc = 25°C, Is = 1.5A, Vgs = 0V 

trr Reverse Recovery Time 

ALL 

- 

600 

__ 

ns 

Tj = 150°C, If = 1.5A. dlp/dt = 100A//ys 

Qrr 

Reverse Recovered Charge 

ALL 

- 

3.5 

- 

fjC 

Tj = 150°C, If = 1.5A, dlp/dt = 100A//iS. 

ton 

Forward Turn-on Time 

ALL 

Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Ls + Ld- | 


0Tj = 25° to 150°C. (D Pulse Test: Pulse width < 300//S, Duty Cycle < 2%. (D Repetitive Rating: Pulse width limited 

by max. junction temperature. 

♦Indicates JEDEC registered values See Transient Thermal Impedance Curve (Fig. 5). 


Fig. 1 — Typical Output Characteristics 
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Vqs, drain to source voltage (VOLTS) 
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Vqs, gate to source voltage (VOLTS) 
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Vos, drain TO SOURCE VOLTAGE (VOLTS) 


Fig. 4 — Forward Bias Safe Operating Area 
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Z,hJc(t)/RthJC. normalized effective transient 


2N6793 2N6794 



Fig. 6 — Typical Transconductance Vs. Drain Current 


Fig. 7 — Typical Source-Drain Diode Forward Voltage 



Iq, grain current (AMPERES) 



Fig. 8 - Breakdown Voltage Vs. Temperature Fig. 9 - Normalized On-Resistance Vs. Temperature 



Tj, JUNCTION TEMPERATURE (<>0 jj JUNCTION TEMPERATURE (OC) 
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2N6793 2N6794 



0 10 20 30 40 50 

Vqs, drain TO SOURCE voltage (VOLTS) 


Fig. 11 — Typical Gate Charge Vs. Gate-to-Source Voltage 



0 4 8 12 16 20 

Qg, TOTAL GATE CHARGE (nC) 



Iq, drain current (AMPERES) 


Fig. 13 — Maximum Drain Current Vs. Case Temperature 



Tc, CASE TEMPERATURE (°C) 


Fig. 14 — Power Vs. Temperature Derating Curve 
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Tq, CASE TEMPERATURE (OC) 
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2N6793 2N6794 



Fig. 17 — Switching Time Test Circuit 



Fig. 18 — Gate Charge Test Circuit 
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2N6795 

2N6796 


POWER MOSFET TRANSISTORS 

100 Volt, 0.18 Ohm 
N-Channel 


DESCRIPTION 

The Unitrode power MOSFET design utilizes the most advanced technology available. 
This efficient design achieves a very low Rosfon) and a high transconductance. 

The Unitrode power MOSFET features all of the advantages of MOS technology such as 
voltage control, freedom from second breakdown, very fast switching speeds, and 
• Excellent Temperature Stability thermal stability. 

These power MOSFETS are ideally suited for many high-speed, high-power switching 
applications such as switching power supplies, motor controls, and wide-band and 
audio amplifiers. 


FEATURES 

• Fast Switching 

• Low Drive Current 

• Ease of Paralleling 

• No Second Breakdown 


PRODUCT SUMMARY 


Part Number 

Vds 

RDS(on) 

•d 

2N6795 

60V 

0.18Q 

8.0A 

2N6796 

lOOV 

0.18Q 

8.0A 


MECHANICAL SPECIFICATIONS 
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2N6795 2N6796 


ABSOLUTE MAXIMUM RATINGS 


Parameter 

2N6795 

2N6796 



Units 

Vds 

Drain - Source Voltage 0 

60* 

100* 



V 

Vdgr 

Drain - Gate Voltage (Rqs = IMfi) 0 

60* 

100* 



V 

Id @ Tc = 25°C 

Continuous Drain Current 

8.0* 

8.0* 



A 

Idm 

Pulsed Drain Current (D 

32 

32 



A 

Vgs 

Gate - Source Voltage 

±20* 

V 

Pd @ Tc = 25°c 

Max. Power Dissipation 

25* (See Fig. 14) 

W 

Linear Derating Factor 

0.2* (See Fig. 14) 

W/K 

Ilm 

Inductive Current, Clamped 

32 1 

(See Fig. 15 and 16) L = 100 a<H 
32 1 


A 

Tj 

Tstg 

Operating Junction and 

Storage Temperature Range 

-55 to 150 

°C 

Lead Temperature 

300(0.063 in. (1.6mm) from case for 10s)* 

“C 


ELECTRICAL CHARACTERISTICS @ Tc = 25°C (Unless otherwise specified) 


Parameter 

Type 

Min. 

Typ. 

Max. 

Units 

Test Conditions 

BVdss 

Drain - Source 

2N6795 

60* 

- 

- 

V 

> 

o 

II 

CO 

o 

> 


Breakdown Voltage 

2N6796 

100* 

- 

- 

V 

Id = l.OmA 


VGS(th) 

Gate Threshold Voltage 

ALL 

2.0* 

- 

4.0* 

V 

Vds = Vgs> Id = 1.0mA 

Igss 

Gate-Source Leakage Forward 

ALL 

_ 

- 

100* 

nA 

Vgs = 20V 

Igss 

Gate-Source Leakage Reverse 

ALL 

- 

- 

-100* 

nA 

Vgs = -20V 

loss 

Zero Gate Voltage Drain Current 

ALL 

- 

- 

1.0* 

mA 

Vds = Max. Rating, Vgs 

= OV 

- 

- 

4.0* 

mA 

Vds = Max. Rating, Vgs 

= OV, Tc = 125°C 

iD(on) 

On-State Drain Current 

ALL 

8.0 

- 

- 

A 

Vds > iD(on) X RDS(on) max.> Vqs = lOV 

RDS(on) 

Static Drain-Source 

On-State Resistance (2) 

ALL 

- 

- 

0.18* 

n 

Vgs = lOV, Id = 5.0A 

RDS(on) 

Static Drain-Source 

On-State Resistance (D 

ALL 

- 

- 

0.35* 

Q 

Vgs = lOV, Id = 5.0A, Tc = 125°C 

VDS(on) 

On-State Drain-Source 

Voltage (D 

ALL 

- 

- 

1.56* 

V 

Vgs = lOV, Id = 8.0A 

gfs 

Forward Transconductance (D 

ALL 

3.0* 


9.0* 

S(U) 

Vds = 15V, Id = 5.0A 

Ciss 

Input Capacitance 

ALL 

350* 

- 

900* 

PF 

Vgs = OV, Vds = 25V, f = 
See Fig. 10 

l.OMHz 

Coss 

Output Capacitance 

ALL 

150* 

- 

500* 

PF 

Crss 

Reverse Transfer Capacitance 

ALL 

50* 

- 

150* 

pF 


td(on) 

Turn-On Delay Time 

ALL 

- 

- 

30* 

ns 

Vdd = 30V, Id = 5.0A, Zo 

= 150 

Tr 

Rise Time 

ALL 

! - 

- 

75* 

ns 

See Fig. 17 


td(off) 

Turn-Off Delay Time 

ALL 

- 

- 

40* 

ns 

(MOSFET switching times are essentially 

tf 

Fall Time 

ALL 

- 

- 

45* 

ns 

independent of operating temperature.) 

Qg 

Total Gate Charge 
(Gate-Source Plus Gate-Drain) 

ALL 

- 

18 

30 

nC 

Vgs = lOV, Id = 18A, Vds = 0.8 Max. Rating, 

See Fig. 18 for test circuit. (Gate charge is essentially 

Qgs 

Gate-Source Charge 

ALL 

- 

9 

- 

nC 

Ogd 

Gate-Drain ("Miller”) Charge 

ALL 

- 

9 


nC 

independent of operating temperature.) 

Ld 

Internal Drain Inductance 

ALL 


5.0 

_ 

nH 

Measured from the 
drain lead. 5mm (0.2 
in.) from header to 
center of die. 

Modified MOSFET 
symbol showing the 
internal device 
inductances. 

Ls 

Internal Source Inductance 

ALL 


15 


nH 

Measured from the 
source lead, 5mm (0.2 
in.) from header to 
source bonding pad. 

0 


THERMAL RESISTANCE 


RthJC 

Junction-to-Case 

ALL 

- 

- 

5.0* 

K/W 


RthJA 

Junction-to Ambient 

ALL 

- 

- 

175 

K/W 

Free Air Operation 


*lndicates JEDEC registered values. 
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2N6795 2N6796 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


is 

Continuous Source Current 
(Body Diode) 

ALL 

- 

- 

8* 

A 

Modified MOSFET symbol « 

showing the integral /fl-^ 

reverse P-N junction rectifier. ( l<^i] 

Ism 

Pulse Source Current 
(Body Diode) (D 

ALL 

- 

- 

32 

A 

VSD 

Diode Forward Voltage (D 

ALL 

0.75* 

- 

1.5* 

V 

Tc = 25“C, Is = 8.0A, Vgs = OV 

trr 

Reverse Recovery Time 

ALL 

- 

300 

- ‘ 

ns 

Tj = 150“C, If = 8.0A, dlp/dt = IOOA// 2 S 

Qrr 

Reverse Recovered Charge 

ALL 

- 

1.5 

_ i 

yuC 

Tj = 150“C, If = 8.0A, dlp/dt = lOOA/yus 

ton 

Forward Turn-on Time 

ALL 

Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Ls + Ld- [ 


0Tj = 25“ to IBO^C. 0 Pulse Test; Pulse width < 300/iS, Duty Cycle < 2%. 0 Repetitive Rating: Pulse width limited 

by max. junction temperature. 

♦Indicates JEDEC registered values. See Transient Thermal Impedance Curve (Fig. 5). 


Fig. 1 — Typical Output Characteristics 



Vqs. drain to source voltage (VOLTS) 



0 2 4 6 8 10 

Vgs, gate TO SOURCE VOLTAGE (VOLTS) 


Fig. 3 — Typical Saturation Characteristics 
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ZthJC<li/RthJC. normalized EFFECTIVE TRANSIENT 


2N6795 2N6796 


Fig. 5 — Maximum Effective Transient Thermal Impedance, Junction-to-Case Vs. Pulse Duration 



10-5 2 5 10-4 2 5 iq-S 2 5 io-2 2 5 iq-I 2 5 iq 2 5 iq 

ti, SQUARE WAVE PULSE DURATION (SECONDS) 


Fig. 6 — Typical Transconductance Vs. Drain Current 



0 5 10 15 20 25 

Iq, DRAIN CURRENT (AMPERES) 


Fig. 7 — Typical Source-Drain Diode Forward Voltage 



VsD, SOURCE TO DRAIN VOLTAGE (VOLTS) 


Fig. 8 — Breakdown Voltage Vs. Temperature Fig. 9 — Normalized On-Resistance Vs. Temperature 
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, ORAIN-TOSOURCE ON RESISTANCE (OHMS) 


2N6795 2N6796 


Fig. 10 — Typical Capacitance Vs. Drain-to-Source Voltage 



Vqs, drain to source voltage (VOLTSI 

Fig. 12 — Typical On-Resistance Vs. Drain Current 



0 10 20 30 40 50 60 


DRAIN CURRENT (AMPERES) 



0 8 16 24 32 40 

Qg. TOTAL GATE CHARGE (nC) 

Fig. 13 — Maximum Drain Current Vs. Case Temperature 



25 50 75 100 125 150 

Tc.CASE TEMPERATURE (OC) 


Fig. 14 — Power Vs. Temperature Derating Curve 
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2N6795 2N6796 


Fig. 15 — Clamped Inductive Test Circuit Fig. 16 — Clamped Inductive Waveforms 



Fig. 17 — Switching Time Test Circuit 



Fig. 18 — Gate Charge Test Circuit 
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2N6797 

2N6798 


POWER MOSFET TRANSISTORS 

200 Volt, 0.4 Ohm 
N-Channel 


FEATURES 

• Fast Switching 

• Low Drive Current 

• Ease of Paralleling 

• No Second Breakdown 

• Excellent Temperature Stability 


DESCRIPTION 

The Unitrode power MOSFET design utilizes the most advanced technology available. 
This efficient design achieves a very low Roston) and a high transconductance. 

The Unitrode power MOSFET features all of the advantages of MOS technology such as 
voltage control, freedom from second breakdown, very fast switching speeds, and 
thermal stability. 

These power MOSFETS are ideally suited for many high-speed, high-power switching 
applications such as switching power supplies, motor controls, and wide-band and 
audio amplifiers. 


PRODUCT SUMMARY 


Part Number 

Yds 

RDS(on) 

Id 

2N6797 

150 V 

0.4Q 

5.5A 

2N6798 

200V 

0.4Q 

5.5A 


MECHANICAL SPECIFICATIONS 




11/83 


4-186 


UNITRODE 





2N6797 2N6798 


ABSOLUTE MAXIMUM RATINGS 


Parameter 

2N6797 

2N6798 



Units 

Vds 

Drain - Source Voltage © 

150* 

200* 



V 

Vdgr 

Drain - Gate Voltage (Rqs = IMfl) © 

150* 

200* 



V 

Id @ Tc = 25‘’C 

Continuous Drain Current 

5.5* 

5.5* 



A 

Idm 

Pulsed Drain Current @ 

22 

22 



A 

Vgs 

Gate - Source Voltage 

±20* 

V 

Pd @ Tc = 25°C 

Max. Power Dissipation 

25* (See Fig. 14) 

W 

Linear Derating Factor 

0.2* (See Fig. 14) 

W/K 

Ilm 

Inductive Current, Clamped 

22 

(See Fig. 15 and 16) L = lOO/zH 
22 1 


A 

Tj 

Tstg 

Operating Junction and 

Storage Temperature Range 

-55 to 150 

°C 

Lead Temperature 

300(0.063 in. (1.6mm) from case for 10s) 

“C 


ELECTRICAL CHARACTERISTICS @ Tc = 25°C (Unless otherwise specified) 


Parameter 

Type 

Min. 

Typ. 

Max. 

Units 

Test Conditions 

BVdss 

Drain - Source 

2N6797 

150* 

- 

- 

V 

Vgs = OV 


Breakdown Voltage 

2N6798 

200* 

- 

- 

V 

Id = 1.0mA 


VGS(th) 

Gate Threshold Voltage 

all 

2.0* 

_ 

4.0* 

V 

Vds = Vgs> Id = 1.0mA 

Igss 

Gate-Source Leakage Forward 

all 

- 

- 

100* 

nA 

Vgs = 20V 

Igss 

Gate-Source Leakage Reverse 

all 

- 

- 

-100* 

nA 

Vgs = -20V 

loss 

Zero Gate Voltage Drain Current 

all 

- 

- 

1.0* 

mA 

Vds = Max. Rating, Vgs 

= OV 

- 

- 

4.0* 

mA 

Vds = Max. Rating, Vgs 

= OV, Tc = 125°C 

iD(on) 

On-State Drain Current @ 

Ail 

5.5 

- 

- 

A 

Vds > iD(on) X RDS(on) 

> 

o 

II 

CO 

0 

> 

>< 

(0 

p 

RDS(on) 

Static Drain-Source ^ 

On-State Resistance ^ 

all 

- 

- 

0.4* 

n 

Vgs = lOV, Id =3.5A 

RDS(on) 

Static Drain-Source ^ 

On-State Resistance ® 

all 

- 

- 

0.75* 

n 

Vgs = lOV, Id = 3.5A, Tc = 125°c 

VDS(on) 

On-State Drain-Source ^ 

Voltage ® 

all 

- 

- 

2.2* 

V 

Vgs = lOV, Id = 5.5A 

gfs 

Forward Transconductance (D 

all 

2.5* 


7.5* 

S(U) 

Vds = 15V, Id = 3.5A 

Ciss 

Input Capacitance 

all 

350* 

- 

900* 

PF 

Vgs = OV, Vds = 25V, f = 
See Fig. 10 

l.OMHz 

Coss 

Output Capacitance 

all 

100* 

- 

450* 

pF 

Crss 

Reverse Transfer Capacitance 

all 

40* 

- 

150* 

pF 


td(on) 

Turn-On Delay Time 

all 

- 

- 

30* 

ns 

Vdd = 77V, Id = 3.5A, Zo 

= 150 

Tr 

Rise Time 

all 

- 

- 

50* 

ns 

See Fig. 17 


td(off) 

Turn-Off Delay Time 

ALL 

- 

- 

50* 

ns 

(MOSFET switching times are essentially 

tf 

Fall Time 

ALL 

- 

- 

40* 

ns 

independent of operating temperature.) 

Qg 

Total Gate Charge 
(Gate-Source Plus Gate- Drain) 

ALL 

- 

19 

30 

nC 

Vgs = lOV, Id = llA, Vds = 0.8 Max. Rating. 

See Fig. 18 for test circuit. (Gate charge is essentially 

Qgs 

Gate-Source Charge 

ALL 

- 

10 

- 

nC 

independent of operating temperature.) 

Ogd 

Gate-Drain (“Miller”) Charge 

ALL 

- 

9 

- 

nC 



Ld 

Internal Drain Inductance 

ALL 


5.0 


nH 

Measured from the 
drain lead. 5mm (0.2 
in.) from header to 
center of die. 

Modified MOSFET 
symbol showing the 
internal device 
inductances. 

Ls 

Internal Source Inductance 

ALL 


15 


nH 

Measured from the 
source lead, 5mm (0.2 
in.) from header to 
source bonding pad. 



THERMAL RESISTANCE 


RthJC 

Junction-to-Case 

ALL 

- 

- 

5.0* 

K/W j 


RthJA 

Junction-to Ambient 

ALL 

- 

- 

175 

K/W i 

Free Air Operation 


*lnclicates JEDEC registered values. 
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2N6797 2N6798 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


Is 

Continuous Source Current 
(Body Diode) 

ALL 

- 

- 

5.5* 

A 

Modified MOSFET symbol 

showing the integral /lZjv 

reverse P-N junction rectifier. f Ithi) 

ISM 

Pulse Source Current 
(Body Diode) (D 

ALL 

- 

- 

22 

A 

VSD 

Diode Forward Voltage (D 

ALL 

0.75* 

_ 

1.5* 

V 

Tc = 25°C, Is = 5.5A, Vgs = OV 

trr 

Reverse Recovery Time 

ALL 

_ 

450 

- 

ns 

Tj = 150®C, If = 5.5A, dlp/dt = 100A//iS 

Qrr 

Reverse Recovered Charge 

ALL 

- 

3.0 

_ 

uC 

Tj = 150®C, If = 5.5A, dlp/dt = 100A///S 

ton 

Forward Turn-on Time 

ALL 

Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Ls + Lq- j 


©Tj = 25® to 150®C. ® Pulse Test: Pulse width < 300a»s, Duty Cycle < 2%. ©Repetitive Rating: Pulse width limited 

by max. junction temperature. 

•Indicates JEDEC registered values. See Transient Thermal Impedance Curve (Fig. 5). 


Fig. 1 — Typical Output Characteristics 


10V 8V 

// 




80 

us PUL 

SE TES 







































- 





■''gs 
















___ 

___ 



-5V- 


. 











— 

— 

— 

— 

— 

-4V- 


— 


0 20 40 60 80 too 

Vus. ORA'N TO SOURCE VOLTAGE (VOLTS) 


Fig. 2 — Typical Transfer Characteristics 
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Fig. 3 — Typical Saturation Characteristics 
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ZthJC<‘>/RthJC- normalized EFFECTIVE TRANSIENT 
THERMAL IMPEDANCE (PER UNIT) 


2N6797 2N6798 


Fig. 5 — Maximum Effective Transient Thermal Impedance, Junction-to-Case Vs. Pulse Duration 



ti, SQUARE WAVE PULSE DURATION (SECONDS) 


Fig. 6 - Typical Transconductance Vs. Drain Current 



Iq, drain current (AMPERES) 


Fig. 7 — Typical Source'Drain Diode Forward Voltage 



Vso, SOURCE TO DRAIN VOLTAGE (VOLTS) 


Fig. 8 - Breakdown Voltage Vs. Temperature Fig. 9 — Normalized On-Resistance Vs. Temperature 
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ROS(on). drain TO SOURCE ON RESISTANCE (OHMS) C. CAPACITANCE (pF) 


2N6797 2N6798 



0 10 20 30 40 50 

Vqs, drain to source voltage (VOLTS) 

ig. 12 - Typical On-Resistance Vs. Drain Current 
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Fig. 13 — Maximum Drain Current vs Case Temperature 
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2N6797 2N6798 


Fig. 15 - Clamped Inductive Test Circuit Fig. 16 — Clamped inductive Waveforms 
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2N6799 

2N6800 


POWER MOSFET TRANSISTORS 

400 Volt 1.0 Ohm 
N-Channel 


FEATURES 

• Fast Switching 

• Low Drive Current 

• Ease of Paralleling 

• No Second Breakdown 

• Excellent Temperature Stability 


DESCRIPTION 

The Unitrode power MOSFET design utilizes the most advanced technology available. 
This efficient design achieves a very low RDS(on) and a high transconductance. 

The Unitrode power MOSFET features all of the advantages of MOS technology such as 
voltage control, freedom from second breakdown, very fast switching speeds, and 
thermal stability. 

These power MOSFETS are ideally suited for many high-speed, high-power switching 
applications such as switching power supplies, motor controls, and wide-band and 
audio amplifiers. 


PRODUCT SUMMARY 


Part Number 

Vds 

RDS(on) 

Id 

2N6799 

350V 

l.OQ 

3.0A 

2N6800 

400V 

i.on 

3.0A 


MECHANICAL SPECIFICATIONS 
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2N6799 2N6800 


ABSOLUTE MAXIMUM RATINGS 


Parameter 

2N6799 

2N6800 



Units 

Vds 

Drain - Source Voltage (D 

350* 

400* 



V 

Vdgr 

Drain - Gate Voltage (Res = IMO) © 

350* 

400* 



V 

Id @Tc = 25°C 

Continuous Drain Current 

3.0* 

3.0* 



A 

Idm 

Pulsed Drain Current © 

14 

14 



A 

Vgs 

Gate - Source Voltage 

±20* 

V 

Pd @ Tc = 25°c 

Max. Power Dissipation 

25* (See Fig. 14) 

W 

Linear Derating Factor 

0.20* (See Fig. 14) 

W/K 

Ilm 

Inductive Current, Clamped 

14 

(See Rg. 15 and 16) L = lOO^H 
14 1 



A 

Tj 

Tstg 

Operating Junction and 

Storage Temperature Range 

-55 to 150 

“C 

Lead Temperature 

300(0.063 in. (1.6mm) from case for 10s)* 

“C 


ELECTRICAL CHARACTERISTICS @ Tc = 25°C (Unless otherwise specified) 


Parameter 

Type 

Min. 

Typ. 

Max. 

Units 

Test Conditions 

BVdss 

Drain - Source 

2N6799 

350* 

- 

- 

V 

< 

o 

CO 

II 

o 

< 


Breakdown Voltage 

2N6800 

400* 

- 

_ 

V 

Id = 1.0mA 


VGS(th) 

Gate Threshold Voltage 

ALL 

2.0* 

- 

4.0* 

V 

Vds = Vgs. Id = l.OmA 

Igss 

Gate-Source Leakage Forward 

ALL 

- 

- 

100* 

nA 

Vgs = 20V 

Igss 

Gate-Source Leakage Reverse 

ALL 

_ 

- 

-100* 

nA 

Vgs = -20V 

loss 

Zero Gate Voltage Drain Current 

ALL 

_ 

- 

1.0* 

mA 

Vds = Max. Rating, Vgs 

= OV 

_ 

- 

4.0* 

mA 

Vds = Max. Rating, Vgs 

= OV, Tc = 125°C 

iD(on) 

On-State Drain Current @ 

ALL 

3.0 

- 

- 

A 

Vds > iD(on) X RDS(on) max., VgS = lOV 

RDS(on) 

Static Drain-Source 

On-State Resistance © 

ALL 

- 

- 

1.0* 

Q 

Vgs = lOV, Id = 2.0A 

RDS(on) 

Static Drain-Source 

On-State Resistance ® 

ALL 

- 

- 

2.4* 

n 

Vgs = lOV, Id = 2.0A, Tc = 125°c 

VDS(on) 

On-State Drain-Source 

Voltage (D 

ALL 

- 

- 

3.0* 

V 

Vgs = lOV, Id =3.0A 

gfs 

Forward Transconductance® 

ALL 

2.0* 


6.0* 

S(U) 

Vds = 15V, Id = 2.0A 

Ciss 

Input Capacitance 

ALL 

350* 

- 

900* 

PF 



Coss 

Output Capacitance 

ALL 

50* 

- 

300* 

pF 

Vgs = OV, Vds = 25V, f = 
See Fig. 10 

l.OMHz 

Crss 

Reverse Transfer Capacitance 

ALL 

20* 

- 

80* 

pF 


td(on) 

Turn-On Delay Time 

ALL 

- 

- 

30* 

ns 

Vdd = 176V, Id = 2.0A, 
See Fig. 17 

o= 150 

Tr 

Rise Time 

ALL 

- 

- 

35* 

ns 

td(off) 

Turn-Off Delay Time 

ALL 

- 

- 

55* 

ns 

(MOSFET switching times are essentially 
independent of operating temperature.) 

tf 

Fall Time 

ALL 

- 

- 

35* 

ns 

Qg 

Total Gate Charge 
(Gate-Source Plus Gate- Drain) 

ALL 

- 

18 

30 

nC 

Vgs = lOV, Id = 6.0A, Vds = 0.8 Max. Rating. 

See Fig. 18 for test circuit. (Gate charge is essentially 

Qgs 

Gate-Source Charge 

ALL 

- 

11 

- 

nC 

independent of operating temperature.) 

Ogd 

Gate-Drain (“Miller”) Charge 

ALL 

- 

7 

- 

nC 



Ld 

Internal Drain Inductance 

ALL 


5.0 


nH 

Measured from the 
drain lead. 5mm (0.2 
in.) from header to 
center of die. 

Modified MOSFET 
symbol showing the 
internal device 
inductances. 

Ls 

Internal Source Inductance 

ALL 


15 


nH 

Measured from the 
source lead, 5mm (0.2 
in.) from header to 
source bonding pad. 



THERMAL RESISTANCE 


RthJC 

Junction-to-Case 

ALL 

- 

- 

5.0* 

K/W 


RthJA 

Junction-to Ambient 

ALL 

- 

- 

175 

K/W 

Free Air Operation 


*lndicates JEDEC registered values. 
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2N6799 2N6800 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


Is 

Continuous Source Current 
(Body Diode) 

ALL 

- 

- 

3.0* 

A 

Modified MOSFET symbol « 

showing the integral 

reverse P-N junction rectifier. [ |UiZ) 

Ism 

Pulse Source Current 
(Body Diode) (3) 

ALL 

- 

- 

14 

A 

VsD 

Diode Forward Voltage (D 

ALL 

0.7* 

- 

1.4* 1 

V 

Tc = 25®C, Is = 3.0A. Vgs = OV 

trr 

Reverse Recovery Time 

ALL 


600 

- 

ns 

Tj = 150“C, If = 3.0A, dlp/dt = lOOAZ/us 

Qrr 

Reverse Recovered Charge 

ALL 


4.0 

- 

fjC 

Tj = 150®C, If = 3.0A, dlp/dt = lOOA/fis 

ton 

Forward Turn-on Time 

ALL 

Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Ls + Ld- [ 


©,Tj = 25® to 150®C. (D Pulse Test; Pulse width < 300/us, Duty Cycle < 2%. Q) Repetitive Rating: Pulse width limited 

by max. junction temperature. 

•Indicates JEDEC registered values. See Transient Thermal Impedance Curve (Fig, 5). 


Fig. 1 — Typical Output Characteristics 
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0 50 100 160 200 250 300 

Vqs, drain to source voltage (VOLTS) 


Fig. 2 — Typical Transfer Characteristics 



0 1 2 3 4 5 6 7 

Vqs, gate to source voltage (volts) 


Fig. 3 — Typical Saturation Characteristics 


Fig. 4 — Forward Bias Safa Operating Area 
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Vqs, drain to source voltage (VOLTS) 
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Vqs, ORAIN-TO-SOURCE voltage (VOLTS) 
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2N6799 2N6800 



U. SQUARE WAVE PULSE DURATION (SECONDS) 


Fig. 6 — Typical Transconductance Vs. Drain Current 


Fig. 7 - Typical Source-Drain Diode Forward Voltage 
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Fig. 8 - Breakdown Voltage Vs. Temperature 
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Fig. 12 — Typical On-Resistance Vs. 
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2N6799 2N6800 


Fig. IS — Clamped Inductive Test Circuit 


Fig. 16 — Clamped Inductive Waveforms 



E I = 0.5 BVqsS £C = 0.75 BVqss 




Fig. 17 — Switching Time Test Circuit 



Fig. 18 — Gate Charge Test Circuit 
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POWER MOSFET TRANSISTORS 

500 Volt, 1.5 Ohm 
N-Channel 


2N6801 

2N6802 


FEATURES 

• Fast Switching 

• Low Drive Current 

• Ease of Paralleling 

• No Second Breakdown 

• Excellent Temperature Stability 


DESCRIPTION 

The Unitrode power MOSFET design utilizes the most advanced technology available. 
This efficient design achieves a very low Roston) and a high transconductance. 

The Unitrode power MOSFET features all of the advantages of MOS technology such as 
voltage control, freedom from second breakdown, very fast switching speeds, and 
thermal stability. 

These power MOSFETS are ideally suited for many high-speed, high-power switching 
applications such as switching power supplies, motor controls, and wide-band and 
audio amplifiers. 


PRODUCT SUMMARY 


Part Number 

Vds 

RDS(on) 

Id 

2N6801 

450V 

1.50 

2.5A 

2N6802 

500V 

1.50 

2.5A 


MECHANICAL SPECIFICATIONS 
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2N6801 2N6802 


ABSOLUTE MAXIMUM RATINGS 


Parameter 

2N6801 

2N6802 



Units 

Vds 

Drain - Source Voltage © 

450* 

500* 



V 

Vdgr 

Drain - Gate Voltage (Rqs = IMQ)® 

450* 

500* 



V 

Id @ Tc = 25“C 

Continuous Drain Current 

2.5* 

2.5* 



A 

Idm 

Pulsed Drain Current (D 

11 

11 



A 

Vgs 

Gate - Source Voltage 

±20* 

V 

Pd @ Tc = 25“C 

Max. Power Dissipation 

25* (See Fig. 14) 

W 

Linear Derating Factor 

0.20* (See Fig. 14) 

W/K 

Ilm 

Inductive Current, Clamped 

11 


(See Fig. 15 and 16) L = 100/aH 

y ^ J 


A 

Tj 

Tstg 

Operating Junction and 

Storage Temperature Range 

-55 to 150 

°C 

Lead Temperature 

300(0.063 in. (1.6mm) from case for 10s)* 

“C 


ELECTRICAL CHARACTERISTICS @ Tc = 25°C (Unless otherwise specified) 


Parameter 

Type 

Min. 

Typ. 

Max. 

Units 

Test Conditions 

BVdss 

Drain - Source 

2N6801 

450* 

- 

- 

V 

Vgs = OV 


Breakdown Voltage 

2N6802 

500* 

- 

- 

V 

Id = 1.0mA 


VGS(th) 

Gate Threshold Voltage 

ALL 

2.0* 

- 

4.0* 

V 

Vds = Vgs, Id = l.OmA 

Igss 

Gate-Source Leakage Forward 

ALL 

- 

- 

100* 

nA 

Vgs = 20V 

Igss 

Gate-Source Leakage Reverse 

ALL 

- 

- 

-100* 

nA 

Vgs = -20V 

loss 

Zero Gate Voltage Drain Current 

ALL 

- 

- 

1.0* 

mA 

Vds = Max. Rating, Vgs 

= 0V 

- 

- 

4.0* 

mA 

Vds = Max. Rating, Vgs 

= OV, Tc = 125°C 

iD(on) 

On-State Drain Current (D 

ALL 

2.5 

- 

- 

A 

Vds > iD(on) X RDS(on) max., VqS = lOV 

RDS(on) 

Static Drain-Source 

On-State Resistance (2) 

ALL 

- 

- 

1.5* 

n 

Vgs = lOV, Id = 1.5A, Tc = 25‘’C 

RDS(on) 

Static Drain-Source 

On-State Resistance ® 

ALL 

- 

- 

3.5* 

Q 

Vgs = lOV, Id = 1.5A, Tc = 125°c 

VDS(on) 

On-State Drain-Source 

Voltage (D 

ALL 

- 

- 

3.75* 

V 

Vgs = lOV, Id =2.5A 

gfs 

Forward Transconductance ® 

ALL 

1.5* 


4.5* 

S(U) 

Vds = 15V. Id = 1.5A 

Ciss 

Input Capacitance 

ALL 

350* 

- 

900* 

pF 

Vgs = OV, Vds = 25V, f = 
See Fig. 10 


Coss 

Output Capacitance 

ALL 

25* 

- 

200* 

PF 

l.OMHz 

Crss 

Reverse Transfer Capacitance 

ALL 

15* 

- 

60* 

pF 


td(on) 

Turn-On Delay Time 

ALL 

- 

- 

30* 

ns 

Vdd = 225V, Id = 1.5A, Zo = 150 

See Fig. 17 

Tr 

Rise Time 

ALL 

- 

- 

30* 

ns 

td(off) 

Turn-Off Delay Time 

ALL 

- 

- 

55* 

ns 

(MOSFET switching times are essentially 
independent of operating temperature.) 

tf 

Fall Time 

ALL 

- 

- 

30* 

ns 

Qg 

Total Gate Charge 
(Gate-Source Plus Gate-Drain) 

ALL 

- 

22 

30 

nC 

Vgs = lOV, Id = 6.0A, Vds = 0.8 Max. Rating, 

See Fig. 18 for test circuit. (Gate charge is essentially 

Qgs 

Gate-Source Charge 

ALL 

- ' 

11 

- 

nC 

independent of operating temperature.) 

Ogd 

Gate-Drain (“Miller") Charge 

ALL 

- 

11 

- 

nC 



Ld 

Internal Drain Inductance 

ALL 


5.0 


nH 

Measured from the 
drain lead. 5mm (0.2 
in.) from header to 
center of die. 

Modified MOSFET 
symbol showing the 
internal device 
inductances. 

Ls 

Internal Source Inductance 

ALL 


15 


nH 

Measured from the 
source lead, 5mm (0.2 
in.) from header to 
source bonding pad. 



THERMAL RESISTANCE 


RthJC 

Junction-to-Case 

ALL 

- 

- 

5.0* 

K/W 


RthJA 

Junction-to Ambient | 

ALL 

- 

- 

175 

K/W 

Free Air Operation 


^Indicates JEDEC registered values. 
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2N6801 2N6802 


Is 

Continuous Source Current 
(Body Diode) 

ALL 

- 

- 

2.5* 

A 

Modified MOSFET symbol ( 

showing the integral /ft— 

reverse P-N junction rectifier. pi 


Ism 

Pulse Source Current 
(Body Diode) © 

ALL 

- 

- 

11 

A 

VSD 

Diode Forward Voltage© 

ALL 

0.7* 

- 

1.4* 

V 

Tc = 25"C, Is = 2.5A, Vgs = OV 

trr 

Reverse Recovery Time 

ALL 

- 

800 

- 

ns 

Tj = 150"C, If = 2.5A, dlp/dt = 100A///S 

Qrr 

Reverse Recovered Charge 

ALL 

- 

4.6 * 

- 

fJiC 

Tj = 150"C, If = 2.5A, diF/dt = 100A///S 

ton 

Forward Turn-on Time 

ALL 

Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Ls + Ld- | 


CDtj = 25" to 150"C. (DPulse Test: Pulse width < 300/us, Duty Cycle < 2%. ©Repetitive Rating: Pulse width limited 

by max. junction temperature. 

•Indicates JEOEC registered values. See Transient Thermal Impedance Curve (Fig. 5). 


Fig. 1 — Typical Output Characteristics 



Vos. drain to source voltage (VOLTS) 


Fig. 3 — Typical Saturation Characteristics 



0 2 4 6 8 ID 

Vos. drain TO SOURCE voltage (VOLTS) 


Fig. 2 - Typical Transfer Characteristics 



0 1 2 3 4 5 6 7 


Vgs, gate to SOURCE VOLTAGE (VOLTS) 


Fig. 4 — Forward Bias Safe Operating Area 
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ZthJC<‘)/W,hJC. normalized EFFECTIVE TRANSIENT 
THERMAL IMPEDANCE (PER UNIT) 


2N6801 2N6802 



tl, SQUARE WAVE PULSE DURATION (SECONDS) 


Fig. 6 — Typical Transconductance Vs. Drain Current 



Iq, drain current IAMPERES) 


Fig. 8 — Breakdown Voltage Vs. Temperature 



Fig. 7 — Typical Source-Drain Diode Forward Voltage 
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2N6801 2N6802 


Fig. 10 — Typical Capacitance Vs. Drain-to-Source Voltage 


Fig. 11 — Typical Gate Charge Vs. Gate-to-Source Voltdge 
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Vos, drain to source voltage (VOLTS) 



0 8 16 24 32 40 

Qg, TOTAL GATE CHARGE (nC) 


Fig. 12 - Typical On-Resistance Vs. Drain Current 
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lO, drain CURRENT (AMPERES) 



Tc. CASE TEMPERATURE (OC) 
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2N6801 2N6802 


Fig. 15 — Clamped Inductive Test Circuit Fig. 16 - Clamped Inductive Waveforms 



Ei=05BVosS Ec = 0 75BVoss 


Fig. 17 — Switching Time Test Circuit 




Fig. 18 — Gate Charge Test Circuit 
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POWER DARLINGTONS 

10 Amp, 150V, Planar NPN 


U2T101 

U2T105 

U2T201 

U2T205 


FEATURES 

• High Current Gain: up to 2000 min @ = 5A 

• Low Saturation Voltage: as low as 1.5V max @ = 5A 

• High Voltage: up to 150V min V^er 

• Monolithic Design Incorporating Multiple-Emitter Techniques 

• Triple-Diffused Planar Construction 


Q 


o— I 

BASEl 

BASE 2 EMITTER 


DESCRIPTION 

Unitrode NPN Darlingtons consist of a two 
transistor circuit on a single monolithic 
planar chip. 


ABSOLUTE MAXIMUM RATINGS 

TO-33 3 PIN TO-66 

U2T101 U2T105 U2T201 U2T205 

Collector-Emitter Voltage 80V. . .. 150V 80V 150V 

Emitter Base Voltages, 

Veb2 6V . . 6V 6V 6V 

Veb, 12V ... 12V 12V 12V 

D.C. Collector Current 5A 5A 5A 5A 

Peak Collector Current lOA lOA lOA lOA 

Base 1 Current . 0.5A 0.5A 0.5A 0.5A 

Power Dissipation 

25°C Ambient IW IW 2.5W 2.5W 

100°C Case 5W 5W 25W 25W 

Thermal Resistance, Junction to Case 20°C/W 4°C/W 


Operating and Storage Temperature Range — 65°C to 200°C ... — 65°C to 200°C 


MECHANICAL SPECIFICATIONS 
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U2T101 U2T105 U2T201 U2T205 


ELECTRICAL SPECIFICATIONS (at 25°C unless noted) 


U2T101 & U2T201 U2T105 & U2T205 

Min. I Max. Min. i Max. 


D.C. Current Gain 

(Note 1) 

D.C. Current Gain 

(Note 1) 

Collector Saturation Voltage 
(Note 1) 

Collector-Emitter 

Breakdown Voltage 

(Note 1) 

Collector Cutoff 
Current 


Collector Cutoff 
Current 

Collector Capacitance 
A.C. Current Gain 


Min. Max. 

2000 — 

2000 — 


^CE (sat) 


Switching 


Min. Max. 

1000 — 

1000 — 


— 100 
_ _ 


Delay Time 


100 Typ. 

100 Typ. 

Rise Time 


300 Typ. 

400 Typ. 

Storage Time 


600 Typ. 

500 Typ. 

Fall Time 

tf 

500 Typ. 

500 Typ. 


Test Conditions 

lc = 1.0A, Vce = 2V, Rb2e = 1K 
\r = 5A, VcE = 5V, Rb 2 e = 100 


U2T101, 201: Ibi =5mA 
U2T105, 205: Ib, = 10mA 

Ic = 25mA, Rb,e = 2.2K, Rb^e = 100 

RB,e-2.2K,RB2E = 100 

U2T101, 201: Vce = 80V 
U2T105, 205: VcE == 150V 
Rb,e = 2.2K, Rb 2£ = 100, T 150“C 
U2T101, 201: VcE = 80V 
U2T105, 205: VcE - 150V 
VcBi =10, lE = 0,f = lMHz 
Ic = l.OA, VcE = lOV, f = lOMHz, R 
Vcc = 30V, 
lc = 5A, 

U2T101, 201: Ib (on) = 'b (off) = 5fT 
U2T105, 205: Ib (on) = h (off) = I®' 

Rr9F = 100 



cle = 10% 
dth = 1 ms 
/cle = 25%. 
^idth=l ms 



- COLLECTOR - EMITTER VOLTAGE (V) 







POWER DARLINGTONS 

5 Amp, 150V, Planar NPN 


U2T301 U2T401 

U2T305 U2T405 


FEATURES 

• High Current Gain: 1000 min. @ Ic = 2A 

• Low Saturation Voltage: as low as 1.5V max. @ 1^ = 2A 

• High Voltage; up to 150V min. V^er 

• Monolithic Design Incorporating Multiple-Emitter Techniques 

• Triple-Diffused Planar Construction 



DESCRIPTION 

Unitrode NPN Darlingtons consist of a two 
transistor circuit on a single monolithic 
planar chip. 


ABSOLUTE MAXIMUM RATINGS 


Collector-Emitter Voltage 

Emitter Base Voltages, 

VeB2 

'^EBI 

D.C. Collector Current 

Peak Collector Current 

Base 1 Current 

Power Dissipation 

25°C Ambient 

100°C Case 

Thermal Resistance 

Junction to Case 

Operating and Storage Temperature Range 


TO-33 


3 PIN TO-66 

U2T301 

U2T305 

U2T401 

U2T405 

... 60V 

150V 

60V 

...... 150V 

6V 

... 6V 

6V 

6V 

... 12V 

. 12V 

12V 

12V 

. ... 2A 

.... 2A 

2A 

2A 

. ... 5A 

.... 5A 

5A 

5A 

.. 0.5A 

. 0.5A 

0.5A 

0.5A 

...IW 

. . IW 

2W 

2W 

... 4W 

. 4W 

16W 

16W 


25'’C/W 6°C/W 

-65°C to 200°C -65°C to 200°C 


MECHANICAL SPECIFICATIONS 








U2T301 U2T305 U2T401 U2T405 


ELECTRICAL SPECIFICATIONS (at 25°C unless noted) 

I \ I U2T301 & U2T401 I U2T305 & U2T405 


Test 

Symbol 

Min. 

Max. 

Min. 

Max. 

Units 

Test Conditions 

D.C. Current Gain 
(Note 1) 

hpE 

1000 

- 

1000 

- 

- 

Ic=:1A,Vce = 2V, Rb2e= IK 

D.C. Current Gain 
(Note 1) 

hpE 

1000 

- 

1000 

- 

- 

lc==2A, Vce = 5V, Rb2e=100 

Collector Saturation Voltage 
(Note 1) 

Vce (sat) 

- 

1.5 

- 

2.5 

V 

Ic = 2A, Rb2e = 100, Ig, = 4mA 

Collector-Emitter 

Breakdown Voltage 

BVcer 

60 

— 

150 

i 

V 

Ic = 25mA, Rbie = 2.2K, Rb2e = 100 


Collector Cutoff 
Current 


Collector Cutoff 
Current 


Collector Capacitance 
A.C. Current Gain 

Delay Time 
Switching Rise Time 

Speeds Storage Time 

Fall Time 

. Pulse width = 300 /xs; 

Maxim 


200 Typ. 
800 Typ. 
300 Typ. 


300 Typ. 
800 Typ. 
300 Typ. 


Rb,e = 2.2K, Rb2e = 100 

U2T301, 401: Vce = 60V 
U2T305, 405: Vce = 150V' 
Rb,e = 2.2K, Rb2e = 100, T = ISO'-C 
U2T301, 401: Vce = 60V 
U2T305. 405: V^c = 150V 


= 25°C 
th = 1ms 
3 = 2.5% 

th = 1ms 

J = 10% 


.2 — D.C.- 

.1 1 





m 









POWER DARLINGTONS 

3 Amp, lOOV, Planar NPN, Plastic 


U2TA506 

U2TA508 

U2TA510 


FEATURES 

• High Current Gain: 500 min. @ = 3A 

• Low Saturation Voltage: as low as 1.5V max. @ = 3A 

• Economic Plastic Molded Construction 



DESCRIPTION 

Unitrode NPN Darlingtons consist of a 
two transistor circuit on a single mono- 
lithic planar chip, including integral bias 
resistance and protective diode. It is 
ideally suited for pulse power applica- 
tions in power supplies, printers, solid 
state relays and displays. 


ABSOLUTE MAXIMUM RATINGS 

Collector-Base Voltage, V^bo 

Collector-Emitter Voltage, Vceo 

Emitter-Base Voltage, V^bq 

D.C. Collector Current, 1^ 

Peak Collector Current, 1^ 

Base Current, Ig 

Power Dissipation 

25 °C Case 

25°C Ambient 

Thermal Resistance, ej_c 

Thermal Resistance, ej_^ 

Storage Temperature Range 

Maximum Junction Temperature .. 


U2TA506 U2TA508 U2TA510 

... 80V lOOV 120V 

... 60V 80V lOOV 

5V 

75A 

5A 

6A 

2.2W 

871mW' 

62.5°C/W 

155°C/W 

-55to+150°C 

+175°C 
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ELECTRICAL SPECIFICATIONS (at 25°C unless noted) 


U2TA506 U2TA508 U2TA510 


Test 

Symbol 

Min. 

Max. 

Units 

Test Conditions 

D.C. Current Gain (Note 1) 

^FE 

1000 

— 

— 

Ic lA, VcE = 5Vdc 

D.C. Current Gain (Note 1) 

hpE 

500 

— 

— 

Ic = 3A, VcE = 5Vdc 

D.C. Current Gain (Note 1) . 

^FE 

300 Typ. 

— 

Ic = 5A, VcE = 5Vdc 

Collector Saturation Voltage (Note 1) 

VcE (sat) 

— 

1.5 

Vdc 

Ic = 3A, Ib = 30mA 

Collector-Emitter Breakdown Voltage 
(Note 1) 

U2TA506 

BVceo 

60 


Vdc 

Ic lOmAdc 

U2TA508 


80 

— 



U2TA510 


100 

— 



Collector-Emitter Cutoff Current 

^CER 

— 

10 

/iAdc 

Vqe = rating, R = lOOn 

Collector-Emitter Cutoff Current 

^CER 

— 

1 

mAdc 

VcE = rating, R = lOOn, Ta = 125°C 

Emitter-Base Cutoff Current 

Ubo 

— 

50 

;uAdc 

Veb = 5Vdc 

Output Capacitance 


— 

50 

pf 

VcB = 10Vdc, lE = 0,f = lMHz 

A.C. Current Gain 

K 

4.0 Typ. 

— 

Ic = lAdc, VcE = 5Vdc, f z= lOMHz 

Rise Time 

K 

600 Typ. 

ns 

o 

11 

Storage Time 

t. 

1500 Typ. 

ns 

Vcc= rating, Ij = 1^ = 4nnA 

Fall Time 

tf 

800 Typ. 

ns 


Note 1: Pulse width = 300/;s; duty cycle < 2%. 

Note 2: For thermal considerations for operating U2TA506, U2TA508 and U2TA510, refer to Application Note U-77. 



Maximum Safe Operating Area 
U2TA50B, 508 & 510 



12 5 10 20 50 100 150 

VcE — COLLECTOR TO EM I ITER VOLTAGE (V) 


D.C. Current Gain vs. Collector Current 



.01 .1 lA lOA 

Ic — COLLECTOR CURRENT (A) 


Saturation Voltage 
vs Base Current 



0.1 0.2 0.5 1.0 2 5 10 20 50 100 200 

Ib - BASE CURRENT (mA) 
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POWER DARLINGTONS 

3A, lOOV, Planar PNP, Plastic 


U2TA606 

U2TA608 

U2TA610 


FEATURES 

• High current gain: 500 min @ Ic = 3A 

• Low saturation voltage: as low as 1.5V 
max @ Ic = 3A 

• Economic plastic molded construction 



DESCRIPTION 

Unitrode PNP Darlingtons consist of two 
transistor circuits on a single monolithic 
planar chip, including integral bias 
resistance. It is ideally suited for pulse 
applications jn power supplies, printers, 
solid state relays and displays. 


ABSOLUTE MAXIMUM RATINGS 

Collector-Base Voltage, Vcbo — 
Collector-Emitter Voltage, Vceo . 

Emitter-Base Voltage, Vebo 

D.C. Collector Current, Ic 

Peak Collector Current, Ic 

Base Current, Ib 

Power Dissipation 

25°CCase 

25°C Ambient 

Thermal Resistance, e^-c 

Thermal Resistance, e^-^ 

Storage Temperature Range 

Maximum Junction Temperature 


U2TA606 U2TA608 U2TA610 

..80V lOOV 120V... 

. . 60V 80V lOOV . . . 

5V 

0.75A 

5.0A 

0.6A 

2.2W 

871mW 

62.5°C/W 

155®C/W 

-55°Cto+150°C 

150*^0 


MECHANICAL SPECIFICATIONS 
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U2TA606’U2TA608 U2TA610 


ELECTRICAL SPECIFICATIONS (at 25°C unless noted) 


TEST 

SYMBOL 

MIN. 

MAX. 

UNITS 

TEST CONDITIONS 

D.C. Current Gain (Note 1) 

hpE 

1000 

— 

— 

o 

II 

> 

< 

0 

II 

1 

01 
< 
CL 
n 

D.C. Current Gain (Note 1) 

hpE 

500 

— 

— 

Ic = -3A, VcE = -5Vdc 

Collector Saturation 

VcE(sat) 

— 

1.5 

Vdc 

Ic = -3A, Ib = -30mA 

Voltage (Note 1) 






Collector-Emitter Breakdown 






Voltage (Note 1) 

BVceo 



Vdc 

Ic = -lOmAdc 

U2TA606 


60 

— 



U2TA608 


80 

— 



U2TA610 


100 

- 



Collector-Emitter Cutoff Current 

IcER 

— 

10 

yuAdc 

VcE = Rating, R = lOOQ 

Collector-Emitter Cutoff Current 

IcER 

— 

1 

mAdc 

VcE = Rating, R = lOOQ, T = 125°C 

Emitter-Base Cutoff Current 

Iebo 

— 

50 

jjMc 

Veb = -5Vdc 

Output Capacitance 

Cob 

- 

50 

pF 

VcB = -10Vdc, Ie = 0, f= IMHz 

A.C. Current Gain 

hpE 

4.0 Typ. 

— 

Ic = -lAdc, Vce = -5Vdc, f = lOMHz 

Rise Time 

t, 

600 Typ. 

ns 

Ic = -2A 

Storage Time 

ts 

1500 Typ. 

ns 

Vce = Rating, Ib (on) = Ib (off) = -4mA 

Fall Time 

tf 

800 Typ. 

ns 



Note: 1. Pulse width = 300//s; duty cycle < 2%. 

Note: 2. For thermal considerations for operating U2TA606, U2TA608 and U2TA610, refer to Application Note U-77. 



0.1 0.2 0.3 0.4 0 6 0.8 1.0 2.0 3.0 40 5 0 


Saturation Voltage vs 
Base Current 



0 1 0 2 0 5 10 2 5 10 20 50 100 200 


Ic - COLLECTOR CURRENT (A) 


Ib- base current (mA) 


Maximum Safe Operating Area 



1 2 5 10 20 50 100150 


VcE - COLLECTOR TO EMITTER VOLTAGE (V) 


UNITRODE CORPORATION • 5 FORBES ROAD 
LEXINGTON, MA 02173 • TEL. (617) 861-6540 
TWX (710) 326-6509 • TELEX 95-1064 


4-211 


PRINTED IN US A 





POWER MOSFET TRANSISTORS 

100 Volt, 1.5 Ohm 
N-Channel 


UFNAll 

UFNA12 


FEATURES 

• Designed for High-Speed Switching 
Applications 

• Direct Logic Interface 

• No Thermal Runaway or Second 
Breakdown 

• Economical Plastic Molded Construction 


DESCRIPTION 

Near infinite gain, low on-state impedance 
and ultra fast switching speeds make the 
Unitrode POWER MOSFET ideally suited 
for many high-speed switching 
applications. 


ABSOLUTE MAXIMUM RATINGS 

Drain-Source Voltage, Vds 

Drain-Gate Voltage, Vdg 

Continuous Drain Current, Id 

Pulsed Drain Current, Idm 

Gate-Source Voltage, Vgs 

Power Dissipation, Pd 

25°C Case 

25°C Ambient 

Thermal Resistance, ej-c 

Thermal Resistance, bj-a 

Operating and Storage Temperature Range 
Maximum Junction Temperature 


UFNAll UFNA12 

.60V lOOV 

.60V lOOV 

l.OA 

2.0A 

±20V 

2.4W 

750mW 

62.5°C/W.... 

200°C/W . . . . 

-40°Cto +150°C 

+175°C 


MECHANICAL SPECIFICATIONS 


UFNAll UFNA12 


T 

A 







B ► 





INCHES 

MILLIMETERS 

A 

.135 MIN. 

3.42 MIN. 

B 

.170 - .210 

4.31 - 5.33 

c 

.500 MIN. 

12.70 MIN. 

D 

016 - .019 

.406 - .482 

E 

.175 - .205 

4.44 - 5.21 

F 

.125 - .165 

3.17-4.19 

G 

.080- 105 

2.03 - 2.66 

H 

.095- 105 

2 41-2.66 

J 

045 - .055 

1 14 - 1.40 
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UFNAll UFNA12 


ELECTRICAL SPECIFICATIONS (at 25°C unless otherwise noted) 
PARAMETER SYMBOL MIN. 

Drain-Source Breakdown Voltage 

UFNAll BVdss I 60 

UFNA12 BVdss 100 


TEST CONDITIONS 

Vgs = 0 
Id = 200/iA 


Gate Threshold Voltage 

VcSfth) 

2.0 

4.0 

V 

Vds = Vgs, Id = 250M 

Gate-Body Leakage 

less 

- 

100 

nA 

Vgs = lOV, Vds = 0 



— 

10 


Vds “ 0.8 Rating, Vgs ~ 0 

Zero Gate Voltage Drain Current 

loss 

- 

500 

aA 

Vds = 0.8 Rating, Vgs = 0 

Tj = 125°C 

On-State Drain Current 

lD(onl 

2.0 

- 

A 

Vds = 25V, Vgs = lOV (Note 1) 

Drain-Source On-State 

Resistance 

RDS(on> 

- 

1.5 

Q 

Vgs = lOV, Id = l.OA 
(Note 1) 

Forward Transconductance 

gfs 

400 

- 

mU 

Vds = 25V, Id = lA (Note 1) 

Input Capacitance 

Ciss 

- 

200 

pF 

Vgs = 0 

Output Capacitance 

Coss 

__ 

80 

pF 

Vds = 25V 

Reverse Transfer Capacitance 

C.SS 

— 

40 

pF 

f = l.OMHz 

Turn-On Delay Time 

td(on) 

- 

10 

ns 

\/ C vy \/ 

Rise Time 

tr 

- 

10 

ns 

Vq — .0 X K3t6d Vds 

Id = .5A 

Turn-Off Delay Time 

tci(off) 

- 

20 

ns 

VGS.on. = lOV 

Fall-Time 

tf 

- 

20 

ns 

(See Test Circuit Below) 


Note: 1. Pulse width = 300/ys; Duty Cycle < 2% 


SWITCHING SPEED CIRCUIT 
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POWER MOSFET TRANSISTORS 

100 Volt, 2.4 Ohm 
N-Channel 


UFNDIZO 

UFND1Z3 


FEATURES 

• For Automatic Insertion 

• Compact, End Stackable 

• Fast Switching 

• Low Drive Current 

• Easily Paralleled 

• No Second Breakdown 

• Excellent Temperature Stability 


DESCRIPTION 

The Unitrode power MOSFET design utilizes the most advanced technology available. 
This efficient design achieves a very low Roaon) and a high transconductance. 

The Unitrode power MOSFET features all of the advantages of MOS technology such as 
voltage control, freedom from second breakdown, very fast switching speeds, and 
thermal stability. 

When packaged in the low profile, end stackable 4 pin dual-in-line package, the 
Unitrode power MOSFET devices can be used in high volume applications where 
automatic insertion is a must such as computer circuit boards, telecommunication 
equipment, consumer equipment, and printers. 


PRODUCT SUMMARY 


Part Number 

Vds 

RDS(on) 

Id 

UFNDIZO 

lOOV 

2.40 

0.5A 

UFND1Z3 

60V 

3.20 

0.4A 


MECHANICAL SPECIFICATIONS 
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UFNDIZO UFND1Z3 


ABSOLUTE MAXIMUM RATINGS 


1 Parameter 

UFNDIZO 

UFND1Z3 

Units 

^DS 

Drain - Source Voltage ® 

100 

60 

V 

^DGR 

Drain - Gate Voltage (Rqs ^ ® 

100 

60 

V 

Id @Tc = 25°C 

Continuous Drain Current 

0.5 

0.4 

A 

•dm 

Pulsed Drain Current 

4.0 

3.2 

A 

^GS 

Gate - Source Voltage 

±20 

V 

Pd@Tc = 25°C 

Max. Power Dissipation 

1 .0 (See Fig. 1 3) 

W 

Linear Derating Factor 

0.008 

See Fig. 1 3) 

W/K 

•lm 

Inductive Current, Clamped 

(See Fig. 1 4 and 1 5) L = 1 0O^H 

4.0 1 3.2 

A 

Tj 

^stg 

Operating Junction and 

Storage Temperature Range 

-55 to 150 

°C 


ELECTRICAL CHARACTERISTICS @ Tq = 25°C (Unless otherwise specified) 


1 Parameter 

Type 

Min. 

Typ. 

Max. 

Units 

Test Conditions 

bvdss 

Drain - Source Breakdown Voltage 

UFNDIZO 

100 

- 

- 

V 

Vqs = ov 




UFND1Z3 

60 

- 

- 

V 

Id = 250mA 


1 ^GS(th) Threshold Voltage 

ALL 

2.0 

- 

4.0 

V 

Vds = Vqs- Id = 250mA 

•gss 

Gate-Source Leakage Forward 

ALL 

- 

- 

500 

nA 

Vgs = 20V 

'gss 

Gate-Source Leakage Reverse 

ALL 

- 

- 

-500 

nA 

Vgs = -20V 

•dss 

Zero Gate Voltage Drain Current 

ALL 

- 

- 

250 

mA 

VdS 1^®^- Racing, Vgs 

= OV 



- 

- 


aA 

Vds = IVIax. Rating x 0.8, Vgs = 0^, Tq = 1 25°C 

'D(on) 

On-State Drain Current @ 

UFNDIZO 

0.5 

- 

- 

A 

Vr>,. > U,. > X Rr^o,- > 

.. . V^^ = 10V 



UFND1Z3 

0.4 

- 

- 

A 


RDS(on) Static Drain-Source On-State 

Resistance (D 

UFNDIZO 

- 

2.2 

2.4 

fi 

Vgs = ■'OV' 'D = 0.25A 



UFND1Z3 

- 

2.8 

3.2 

n 

Qfs 

Forward Transconductance (D 

ALL 

- 

0.35 

- 

S(0) 

^DS ^ 'D(on) ^ ^DS(on) max.' 'd = 0-25A 

^iss 

Input Capacitance 

ALL 

- 

50 

70 

PF 

Vgs - ov, Vds = 25 v, f 

See Fig. 9 

= 1.0 MHz 

^oss 

Output Capacitance 

ALL 

- 

20 

30 

pF 

^rss 

Reverse Transfer Capacitance 

~rr 

- 

5.0 

10 

pF 


^d(on) 

Turn-On Delay Time 

ALL 

- 

10 

20 

ns 

Vdd = 0.5 BVpgg, Ip = 

0.25A, Zq = 500 

V 

Rise Time 

ALL 

- 

15 

25 

ns 

See Fig. 1 6 


td(off) 

Turn-Off Delay Time 

ALL 

- 

15 

25 

ns 

(MOSFET switching times are essentially 


Fall Time 

ALL 

- 

10 

20 

ns 

independent of operating temperature.) 

Qg 

Total Gate Charge 
(Gate-Source Plus Gate-Drain) 

ALL 

- 

2.0 

3.0 

nC 

Vq3 = 10V, Id = 1 .2A, Vp 5 = 0.8 Max. Rating. 

See Fig. 1 7 for test circuit. (Gate charge is essentially 

Ogs 

Gate-Source Charge 

ALL 

- 

1.0 

- 

nC 

independent of operating temperature.) 

Qgd 

Gate-Drain ("Miller") Charge 

ALL 

- 

1.0 

- 

nC 



Ld 

Internal Drain Inductance 

ALL 


4.0 


nH 

Measured from the 
dram lead, 2.0mm 
(0.08 in.) from 
package to center of 
die. 

Modified MOSFET 
symbol showing the 
internal device 
inductances. 

LS 

Internal Source Inductance 

ALL 


6.0 


nH 

Measured from the 
source lead, 2.0mm 
(0.08 in.) from 
package to source 
bonding pad. 



THERMAL RESISTANCE 






1 ^thJA Junction-to-Ambient 

1 ALL 1 - 

- 1 - 


K/W 1 

Free Air Operation | 
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UFNDIZO UFND1Z3 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


•s 

Continuous Source Current 
(Body Diode) 

UFND1Z0 

- 

- 

0.5 

A 

Modified MOSFET symbol 
showing the integral 
reverse P-N junction rectifier. 

UFND1Z3 

- 

- 

0.4 

A 

'SM 

Pulse Source Current 
(Body Diode) 

UFND1Z0 

- 

- 

4.0 

A 

UFND1Z3 

- 

- 

3.2 

A 

VSD 

Diode Forward Voltage (D 

UFND1Z0 

- 

- 

1.4 

V 

Tp = 25°C, Is = 0.5A, Vqs = OV 



UFND1Z3 

- 

- 

1.3 

V 

Tp = 25°C, Is = 0.4A, Vps = OV 

trr 

Reverse Recovery Time 

ALL 

- 

100 

- 

ns 

Tj = 150°C, Ip = 0.5A, dip/dt = lOOA/^s 

Qrr 

Reverse Recovered Charge 

ALL 

- 

0.2 

- 

fiC 

Tj = 150®C, Ip = 0.5A, dIp/dt = lOOA/^xs 

^on 

Forward Turn-on Time 

ALL 

Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Ls + Lp. | 


®Tj = 25°Cto150°C. @ Pulse Test: Pulse width < SOOjus, Duty Cycled 2%. 


Fig. 1 — Typical Output Characteristics 



Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 2 — Typical Transfer Characteristics 



0 2 4 6 8 10 12 


Vqs, GATE-TO-SOURCE voltage (VOLTS) 


Fig. 3 — Typical Saturation Characteristics 



0 1 2 3 4 5 

Vqs, DRAIN-TO-SOURCE voltage (VOLTS) 


Fig. 4 — Maximum Safe Operating Area 
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BVoss. DRAIN-TO-SOUR^C^^^^^^^^^^^ VOLTAGE TRANSCONDUCTANCE (SIEMENS) 


UFNDIZO UFND1Z3 


Fig. 5 — Typical Transconductance Vs. Drain Current 



iQ, DRAIN CURRENT (AMPERES) 


Fig. 6 — Typical Source-Drain Diode Forward Voltage 



0 0.4 0.8 1.2 1.6 2.0 

VsD. SOURCE TO-DRAIN VOLTAGE (VOLTS) 



Fig. 7 — Breakdown Voltage Vs. Temperature 



Fig. 8 — Normalized On-Resistance Vs. Temperature 



Tj, JUNCTION TEMPERATURE (OC) 
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loSion), DRAIN-TO-SOURCE ON RESISTANCE (OHMS) 


UFNDIZO UFND1Z3 



0 5 10 15 20 25 30 35 40 45 50 

Vos, ORAIN-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 10 — Typical Gate Charge Vs. Gate-to-Source Voltage 



0 1.0 2.0 3.0 4.0 

Qg, TOTAL GATE CHARGE (nC) 


Fig. 11 — Typical On-Resistance Vs. Drain Current 



Iq, DRAIN CURRENT (AMPERES) 



Fig. 13 — Power Vs. Temperature Derating Curve 

















N 


















N 











V 











0 20 40 60 80 100 120 140 

Tc, CASE TEMPERATURE (“C) 
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UFNDIZO UFND1Z3 


Fig. 14 — Clamped Inductive Test Circuit 



Fig. 15 — Clamped Inductive Waveforms 



Fig. 16 - Switching Time Test Circuit 



Fig. 17 -- Gate Charge Test Circuit 
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POWER MOSFET TRANSISTORS 

100 Volt, 0.6 Ohm 
N-Channel 


UFNDllO 

UFND113 


FEATURES 

• For Automatic Insertion 

• Compact, End Stackable 

• Fast Switching 

• Low Drive Current 

• Easily Paralleled 

• No Second Breakdown 

• Excellent Temperature Stability 


DESCRIPTION 

The Unitrode power MOSFET design utilizes the most advanced technology available. 
This efficient design achieves a very low RDS(on) and a high transconductance. 

The Unitrode power MOSFET features all of the advantages of MOS technology such as 
voltage control, freedom from second breakdown, very fast switching speeds, and 
thermal stability. 

When packaged in the low profile, end stackable 4 pin dual-in-line package, the 
Unitrode power MOSFET devices can be used in high volume applications where 
automatic insertion is a must such as computer circuit boards, consumer equipment, 
and printers. 


PRODUCT SUMMARY 


Part Number 

Vds 

RDS(on) 

Id 

UFNDllO 

lOOV 

0.6Q 

l.OA 

UFND113 

60V 

o.8n 

0.8A 


MECHANICAL SPECIFICATIONS 


UFNDllO UFND113 



(T) APPLIES TO INSTALLED LEAD CENTERS 


Nominal Dimensions in Millimeters and (Inches) 
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UFNDllO UFND113 


ABSOLUTE MAXIMUM RATINGS 


Parameter 

UFND110 

UFND113 

Units 

Vq 5 Drain - Source Voltage d) 

100 

60 

V 

Vqqr Drain - Gate Voltage (Rqs “ ^ ® 

100 

60 

V 

'D ® ~ 25°C Continuous Drain Current 

1.0 

0.8 

A 

IqM Pulsed Drain Current 

8.0 

6.4 

A 

Vq 5 Gate - Source Voltage 

±20 

V 

Pd @ ^C “ 25°C Max. Power Dissipation 

1.0 (See Fig. 13) 

W 

Linear Derating Factor 

0.008 (See Fig. 13) 

W/K 

IlM Inductive Current, Clamped 

(See Fig. 1 4 and 1 5) L = 1 0O^H 

8.0 1 6.4 

A 

Tj Operating Junction and 

Tg^g Storage Temperature Range 

-55 to 150 

°C 



ELECTRICAL CHARACTERISTICS @ Tq = 25°C (Unless otherwise specified) 


j Parameter 

Type 

moQiii 

liZSi 


Units 

Test Conditions 

BVpss 

Drain - Source Breakdown Voltage 

UFNDllO 


■ 

- 

V 

Vgs = ov 




UFND113 

m 

■ 

- 

V 

Id = 250,^A 



ALL 

moil 

■Bi 

■SI 

V 

VdS = Vqs, Id = 250^A 

1 'gss 

Gate-Source Leakage Forward 

ALL 

- 

- 


IHQHI 

Vgs = 20V 

lIcBMI 


ALL 

- 

- 

BSHi 

nA 


'dss 



- 



aA 

Vds = Max. Rating, VqS 

= OV 



- 



mA 

Vds = Max. Rating x 0.8, Vqs = OV, Jq = 1 25°C 

'D(on) 

On-State Drain Current ® 

UFNDllO 

1.0 



- 

A 


Vo^ = 10V 



UFND113 


■ 

- 

B 


RDS(on) Static Drain-Source On-State 
Resistance ® 

UFNDllO 


0.5 

0.6 

Q 

Vqs = 10V, Id = 0.8A 



UFND113 

- 


00 

d 


Ofs 

Forward Transconductance (D 

ALL 

■□i 

■Q 

- 

S(0) 

^DS ^ 'D(on) ^DS(on) max.' 'd = ° 

^iss 

Input Capacitance 

ALL 

- 

HQ 

200 

PF 

Vqs = OV, Vds = 25V, f 
See Fig. 9 

= 1.0 MHz 

^oss 

Output Capacitance 

ALL 

- 

mm 

100 

PF 

^rss 

Reverse Transfer Capacitance 

ALL 

- 

HSsI 

25 

pF 


^d(on) 

Turn-On Delay Time 

ALL 

- 

10 

20 

ns 

Vdd = 0.5 BVpgg, Ip = 

0.8A, = 50n 

tr 

Rise Time 

ALL 

- 

15 

25 

ns 

See Fig. 1 6 


^d(off) 

Turn-Off Delay Time 

ALL 

- 

15 

25 

ns 

(MOSFET switching times are essentially 

tf 

Fall Time 

ALL 

- 

10 

20 

ns 

independent of operating temperature.) 

Qg 

Total Gate Charge 
(Gate-Source Plus Gate-Drain) 

ALL 

- 

5.0 

7.0 

nC 

Vgg — 10V, Ip — 4.0A, Vpg — 0.8 Max. Rating. 

See Fig. 1 7 for test circuit. (Gate charge is essentially 

Qgs 

Gate-Source Charge 

ALL 

- 


- 

nC 

independent of operating temperature.) 

^gd 

Gate-Drain ("Miller") Charge 

ALL 

- 


- 

nC 



Ld 

Internal Drain Inductance 

ALL 


4.0 


nH 

Measured from the 
drain lead, 2.0mm 
(0.08 in.) from 
package to center of 
die. 

Modified MOSFET 
symbol showing the 
internal device 
inductances. 

/tK 

LS 

Internal Source Inductance 

ALL 


6.0 


nH 

Measured from the 
source lead, 2.0mm 
(0.08 in.) from 
package to source 
bonding pad. 



THERMAL RESISTANCE 






1 ^thJA Junction-to-Ambient 

1 

HIE 

BIEII 

hhzb 

Free Air Operation j 
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UFNDllO UFND113 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


's 

Continuous Source Current 
(Body Diode) 

UFND110 

— 

- 

1.0 

A 

Modified MOSFET symbol 
showing the integral 
reverse P-N junction rectifier. 

UFND113 

- 

- 

0.8 

A 

•SM 

Pulse Source Current 
(Body Diode) 

UFNDllO 

- 

- 

8.0 

A 

UFND113 

- 

- 

6.4 

A 

VSD 

Diode Forward Voltage (|) 


- 

- 

2.5 


Tc = 25°C, Is = 1 .OA, Vqs = OV 



UFND112 

- 

- 



Tc = 250 c, Is = 0.8A, Vqs = OV 

trr 

Reverse Recovery Time 

ALL 

- 

■KJI 

- 

ns 

Tj = 150®C, Ip = 1.0A, dip/dt = lOOA/fiS 

Qrr 

Reverse Recovered Charge 

ALL 

- 

0.2 

- 

jwC 

Tj * 150®C, Ip = l.OA, dip/dt = 100A/ms 

^on 

Forward Turn-on Time 

ALL 

Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Ls + Lq. | 


®Tj = 25°Cto150°C. (D Pulse Test: Pulse width < 300^8, Duty Cycle < 2%. 


Fig. 1 — Typical Output Characteristics 



Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 



Vgs, GATE-TO SOURCE voltage (VOLTS) 


Fig. 3 — typical Saturation Characteristics 



Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 4 — Maximum Safe Operating Area 



Vos. DRAIN-TO-SOURCE voltage (VOLTS) 
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g,5, TRANSCONDUCTANCE (SIEMENS) 


UFNDllO UFND113 


Fig. 5 — Typical Transconductance Vs. Drain Current 



iQ, DRAIN CURRENT (AMPERES) 



Vsd,SOURCE TO-DRAIN voltage (VOLTS) 



Fig. 7 — Breakdown Voltage Vs. Temperature 



Fig. 8 — Normalized On-Resistance Vs. Temperature 



Tj. JUNCTION TEMPERATURE {°C) 
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UFNDllO UFND113 



0 10 20 30 40 SO 

Vps. DRAIN TO-SOURCE VOLTAGE (VOLTS) 



0 2 4 6 8 10 

Qg, TOTAL GATE CHARGE InC) 


Fig. 11— Typical On-Resistance Vs. Drain Current 


1 1 1 \ \ 1 — 

RoSlonJ MEASURED WITH CURRENT PULSE OF 
2.0 us DURATION. INITIAL Tj = 25°C. (HEATING 
■ EFFECT OF 2.0 us PULSE IS MINIMAL.) 



0 5 10 15 20 

Iq, DRAIN CURRENT (AMPERES) 



Fig. 13 - Power Vs. Temperature Derating Curve 



Tc, CASE TEMPERATURE (“O 
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UFNDllO UFND113 


Vgs" 


Fig. 14 — Clamped Inductive Test Circuit 


Fig. 15 — Clamped Inductive Waveforms 




Fig. 16 — Switching Time Test Circuit 



Fig. 17 - Gate Charge Test Circuit 
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POWER MOSFET TRANSISTORS 

100 Volt, 0.3 Ohm 
N-Channel 


UFND120 

UFND123 


FEATURES 

• For Automatic Insertion 

• Compact, End Stackable 

• Fast Switching 

• Low Drive Current 

• Easily Paralleled 

• No Second Breakdown 

• Excellent Temperature Stability 


DESCRIPTION 

The Unitrode power MOSFET design utilizes the most advanced technology available. 
This efficient design achieves a very low RDS(on) and a high transconductance. 

The Unitrode power MOSFET features all of the advantages of MOS technology such as 
voltage control, freedom from second breakdown, very fast switching speeds, and 
thermal stability. 

When packaged in the low profile, end stackable 4 pin dual-in-line package, the 
Unitrode power MOSFET devices can be used in high volume applications where 
automatic insertion is a must such as computer circuit boards, telecommunication 
equipment, consumer equipment, and printers. 


PRODUCT SUMMARY 


Part Number 

Vos 

RDS(on) 

b 

UFND120 

lOOV 

0.3Q 

1.3A 

UFND123 

60V 

o.4n 

I.IA 


MECHANICAL SPECIFICATIONS 


UFND120 UFND123 



(T) APPLIES TO INSTALLED LEAD CENTERS 


Nominal Dimensions in Millimeters and (Inches) 
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UFND120 UFND123 


ABSOLUTE MAXIMUM RATINGS 


Parameter 

UFND120 

UFND123 

Units 

Vds 

Drain — Source Voltage 0 

100 

60 

V 



100 

60 

V 

Ip @ Ta = 25°C 

Continuous Drain Current 

1.3 

1.1 

A 

•dm 

Pulsed Drain Current 

5.2 

4.4 

A 

Vqs 

Gate — Source Voltage 

±20 

V 

Pq @ = 25°C 

Max. Power Dissipation 

1 .0 (See Fig. 1 3) 

W 

Linear Derating Factor 

0.008 (See Fig. 13) 

W/K 

•lm 

Inductive Current, Clamped 

(See Fig. 14 and 15) L = lOO^H 

5.21 1 4.4 

A 

Tj 

^stg 

Operating Junction and 

Storage Temperature Range 

-55 to 1 50 

®C 

Lead Temperature 

300 (0.063 in. (1 .6mm) from case for 1 0s) 

®c 


ELECTRICAL CHARACTERISTICS @ T^ = aS^C (Unless otherwise specified) 


1 Parameter 

■OSH 

IIH2SIH 

CBM 



Test Conditions | 

BVosS 

Drain — Source Breakdown Voltage 



- 

- 

V 

Vqs = OV 





60 

- 

- 

V 

Id = 250mA 


VGS(th) Gate Threshold Voltage 

ALL 

2.0 

- 

4.0 

V 

Vds = Vgs. Id = 250mA 

•gss 

Gate — Source Leakage Forward 

ALL 

- 

- 

ii^m 

nA 

Vgs = 20V 

'gss 

Gate — Source Leakage Reverse 

ALL 

- 

- 


nA 

Vgs = -20V 

■dss 

Zero Gate Voltage Drain Current 

ALL 

- 

- 

250 

mA 

Vds = Max. Rating, Vqs 

= OV 



- 

- 

1000 

mA 

Vds ^ Max. Rating X 0.8, Vgs = OV, Tq = 125°C 

’D(on) 

On-State Drain Current (0 

UFND120 

1.3 

- 

- 

A 





UFND123 

1.1 

- 

- 

A 

'^DS ' 'D(on) ^DS(on) max.' ''Gb “ 

RDS(on) 

Static Drain — Source On-State 
Resistance (D 

UFND120 

- 

0.25 

0.30 

Q 

Vqs = 10V, Id = 0.6A 


UFND123 

- 

0.30 

0.40 

fi 

Qfs 

Forward Transconductance (2) 

ALL 

m^jjB 

la 

- 


Vds > 'D(on) X FlDS(on) max.- 'd = 0.6A 

Giss 

Input Capacitance 

ALL 

- 


1^91 

PF 

- OV Voo - 9RV f - 1 0 MH7 

psfiin 

Output Capacitance 

ALL 

- 


i^Sil 

PF 

See Fig. 9 


Em 

Reverse Transfer Capacitance 

ALL 

- 



pF 


^d(on) 

Turn-On Delay Time 

ALL 

- 


40 

ns 

Vdd ^ 0.5 BVdsS' 'd = 

0.6A, Zq = 50fi 

tr 

Rise Time 

ALL 

- 

Ibcim 

mm 

ns 

See Fig. 1 6 


td(off) 

Turn-Off Delay Time 

ALL 

- 



ns 

(MOSFET switching times are essentially 

tf 

Fall Time 

ALL 

- 


B3i 

ns 

independent of operating temperature.) 

Qg 

Total Gate Charge 
(Gate-Source Plus Gate-Drain) 


- 

D 


nC 

Vqs = 1 0V, Id = 5.2A, Vds 0.8 Max. Rating. 

See Fig. 1 7 for test circuit. (Gate charge is essentially 

Ggs 

Gate-Source Charge 

ALL 

- 

6.0 

- 

nC 

independent of operating temperature.) 

Qgd 

Gate-Drain ("Miller”) Charge 

ALL 

- 

5.0 

- 

nC 



Ld 

Internal Dram Inductance 

ALL 


4.0 

1 

nH 

Measured from the 
drain lead, 2.0mm 
(0.08 in.) from 
package to center of 
die. 

Modified MOSFET 
symbol showing the 
internal device 
inductances. 

LS 

Internal Source Inductance 

ALL 


6.0 

1 

nH 

1 

Measured from the 
source lead, 2.0mm 
(0.08 in.) from 
package to source 
bonding pad. 



THERMAL RESISTANCE 

( ^thJA Junction-to-Ambient [ ALL j — | — [ 120 | K/W | Free Air Operation 
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UFND120 UFND123 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


•s 

Continuous Source Current 
(Body Diode) 

ESSSO^ 

- 

- 

■B 

A 

Modified MOSFET symbol Jo 

showing the integral 

reverse P-N junction rectifier. g ( j 


- 

- 


A 

•SM 

Pulse Source Current (Body Diode) 


- 

- 


A 


- 

- 

4.4 

A 

VsD 

Diode Forward Voltage © 

|iy21si!s!!i 

- 

- 


V 

Tc = 25“C, Is = 1.3A, Vqs = OV 




- 

- 

Eg 

V 

Tc = 25°C, Is = 1.1 A, Vqs = OV 

trr 

Reverse Recovery Time 

ALL 

- 


- 

ns 

Tj = IBO^C, Ip = 1.3A, dlp/dt = 100A//xs 

Qrr 

Reverse Recovered Charge 

ALL 

- 

IB 

- 


Tj = 150°C, Ip = 1.3A, dip/dt = 100A//xs 

^on 


ALL 

intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Ls + Lq. j 


©Tj = 25‘’C to 1 50®C. ©Pulse Test: Pulse width < 300^8, Duty Cycle < 2%. 



0 10 20 30 40 50 

Vos, drain to source voltage (VOLTS) 



0 2 4 6 8 10 

Vqs, GATE TO SOURCE voltage (VOLTS) 


Fig. 3 — Typical Saturation Characteristics 



0 1 2 3 4 5 

Vqs. ORAIN TO SOURCE voltage (VOLTS) 



Vqs DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


UNITRODE CORPORATION • 5 FORBES ROAD 
LEXINGTON, MA 02173 • TEL. (617) 861-6540 
TWX (710) 326-6509 • TELEX 95-1064 


4-228 


printed in u.s a 











BVqss. drain to source breakdown voltage 

(NORMALIZED) 


UFND120 UFND123 


Fig. 5 — Typical Transconductance Vs. Drain Current 



0 4 8 12 16 20 


Iq, drain current (AMPERES) 


Fig. 7 — Breakdown Voltage Vs. Temperature 



Tj. JUNCTION TEMPERATURE (OC) 


Fig. 6 — Typical Source-Drain Diode Forward Voltage 



VsD, SOURCE TO-DRAIN VOLTAGE (VOLTS) 


Fig. 8 — Normalized On-Resistance Vs. Temperature 



Tj, JUNCTION TEMPERATURE (<>0 
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UFND120 UFND123 


Fig. 9 — Typical Capacitance Vs. Drain-to*Source Voltage 



Vjjs, DRAIN-TO SOURCE VOLTAGE (VOLTS) 



0 4 8 12 16 20 

Qg, TOTAL GATE CHARGE (nC) 


Fig. 11 — Typical On-Resistance Vs. Drain Current 



0 10 20 30 40 


1q drain current (AMPERES) 


Fig. 12 — Maximum Drain Current Vs. Case Temperature 



Ta, ambient TEMPERATURE (OC) 


Fig. 13 — Power Vs. Temperature Derating Curve 


■ 

■ 

■ 

■ 

■■n 


■ 

■ 

■ 

■ 

n 

■ 

n 


■ 

IB 

n 

■ 

■ 

■ 

■ 


■ 

■ 

K 

i 

■ 

■ 

■ 


■ 

■ 

■ 

■ 

8 

■ 

■ 


■ 

■ 

■ 

■ 

■ 

B 

■ 


■ 

■ 

■ 

■ 

■ 

■ 

IB 



0 20 40 60 80 100 120 140 

Ta, AMBIENT TEMPERATURE (OC) 


UNITRODE CORPORATION • 5 FORBES ROAD 
LEXINGTON, MA 02173 • TEL. (617) 861-6540 
TWX (710) 326-6509 • TELEX 95-1064 


4-230 


PRINTED IN U.S.A. 







UFND120 UFND123 


Fig. 14 — Clamped Inductive Test Circuit Fig. 15 — Clamped Inductive Waveforms 



Fig. 16 — Switching Time Test Circuit 



Fig. 17 — Gate Charge Test Circuit 



CURRENT " CURRENT 
SAMPLING SAMPLING 

RESISTOR RESISTOR 
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POWER MOSFET TRANSISTORS 

200 Volt, 1.5 Ohm 
N-Channel 


UFND210 

UFND213 


FEATURES 

• For Automatic Insertion 

• Compact, End Stackable 

• Fast Switching 

• Low Drive Current 

• Easily Paralleled 

• No Second Breakdown 

• Excellent Temperature Stability 


DESCRIPTION 

The Unitrode power MOSFET design utilizes the most advanced technology available. 
This efficient design achieves a very low RDS(on) and a high transconductance. 

The Unitrode power MOSFET features all of the advantages of MOS technology such as 
voltage control, freedom from second breakdown, very fast switching speeds, and 
thermal stability. 

When packaged in the low profile, end stackable 4 pin dual-in-line package, the 
Unitrode power MOSFET devices can be used in high volume applications where 
automatic insertion is a must such as computer circuit boards, telecommunication 
equipment, consumer equipment, and printers. 


PRODUCT SUMMARY 


Part Number 

Vds 

RDS(on) 

•d 

UFND210 

200V 

1.5Q 

0.6A 

UFND213 

150V 

2.4Q 

0.45A 


MECHANICAL SPECIFICATIONS 


UFND210 UFND213 



(?) APPLIES TO INSTALLED LEAD CENTERS 


Nominal Dimensions in Millimeters and (Inches) 
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UFND210 UFND213 


ABSOLUTE MAXIMUM RATINGS 


Parameter 

UFND210 

UFND213 

Units 

Vqs Drain — Source Voltage 0 

200 

150 

V 

V[)QR Drain — Gate Voltage (Rqs = 1 Mfi) 0 

200 

150 

V 

Id @ = 25°C Continuous Drain Current 

0.6 

0.45 

A 

Iqm Pulsed Drain Current 

2.5 

1.8 

A 

Vqs Gstfi — Source Voltage 

±20 

V 

Pq @ Ta = 25°C Max. Power Dissipation 

1 .0 (See Fig. 1 3) 

W 

Linear Derating Factor 

0.008 (See Fig. 1 3) 

W/K 

ll_M Inductive Current, Clamped 

(See Fig. 1 4 and 1 5) L = 1 0O/iH 

2.5 1 1.8 

A 

T j Operating Junction and 

Tg^g Storage Temperature Range 

-55 to 150 

°C 

Lead Temperature 

300 (0.063 in. (1.6mm) from case for 10s) 

°C 


ELECTRICAL CHARACTERISTICS @ Tq = 25° C (Unless otherwise specified) 


1 Parameter 

Type 

Min. 

Typ. 

Max. 

Units 

Test Conditions 

BVdsS 

Drain — Source Breakdown Voltage 

UFND210 

200 

- 

- 

V 

Vqs = OV 




UFND213 

150 

- 

- 

V 

Id = 250/xA 


VGS(th) Threshold Voltage 

ALL 

2.0 

- 

4.0 

V 

Vds = Vqs. Id = 250mA 

•gss 

Gate — Source Leakage Forward 

ALL 

- 

- 


nA 

Vgs = 20V 

'gss 

Gate — Source Leakage Reverse 

ALL 

- 

- 


nA 

Vqs = -20V 

'dss 

Zero Gate Voltage Drain Current 


- 

- 


aA 

Vds “ Max. Rating, Vqs 

= OV 



- 

- 


mA 

Vds = Rating x 0.8, Vqs = OV, Tc = 1 25°C 

iD(on) 

On-State Drain Current (2) 


0.6 

- 

- 

A 





BSSQ3S 


- 

- 

A 

''DS ' 'D(on) ^ ^DS(on) max.- ''GS - 

RDS(on) 

Static Drain — Source On-State 
Resistance 0 


- 

■El 

1.5 

U 

Vqs = 10V, Id = 0.3A 


ESEEI 

- 

IB 

2.4 

« 

gfs 

Forward Transconductance 0 

ALL 

0.5 

KB 

- 


^DS > 'D(on) X RDS(on) max.' 'D = 0-3A 

^iss 

Input Capacitance 

ALL 

- 



pF 

- nv - 9RV f - 1 n mh7 

UQHHIIIi 

Output Capacitance 

ALL 

- 

60 

80 

pF 

See Fig. 9 


Crss 

Reverse Transfer Capacitance 

ALL 

- 

mm 

25 

pF 


^d(on) 

Turn-On Delay Time 

ALL 

- 

KB 


ns 

Vdd = 0.5 BVdsS' 'd = 

0.3A, Zq = 5on 

tr 

Rise Time 

ALL 

- 

■a 

BB 

ns 

See Fig. 16 


td(off) 

Turn-Off Delay Time 

ALL 

- 

10 

15 

ns 

(MOSFET switching times are essentially 

tf 

Fall Time 

ALL 

- 

8.0 

15 

ns 

independent of operating temperature.) 

Qg 

Total Gate Charge 
(Gate-Source Plus Gate-Drain) 

ALL 

- 

5.0 

7.5 

nC 

Vgs “ 1®^' *D “ 2.5A, Vds - B B Rating. 

See Fig. 1 7 for test circuit. (Gate charge is essentially 

Qgs 

Gate-Source Charge 

ALL 

- 

2.0 

- 

nC 

independent of operating temperature.) 

^gd 

Gate-Drain ("Miller") Charge 

ALL 

- 

3.0 

- 

nC 



Ld 

Internal Drain Inductance 

ALL 


4.0 


nH 

Measured from the 
drain lead, 2.0mm 
(0.08 in.) from 
package to center of 
die. 

Modified MOSFET 
symbol showing the 
internal device 
inductances. 

Ls 

Internal Source Inductance 

ALL 


6.0 


nH 

Measured from the 
source lead, 2.0mm 
(0.08 in.) from 
package to source 
bonding pad. 



THERMAL RESISTANCE 







1 RthJA Junction-to-Ambient 

1 1 

- 


li^l 


Free Air Operation | 
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UFND210 UFND213 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


's 

Continuous Source Current 
(Body Diode) 

UFND210 

- 

- 

0.6 

A 

Modified MOSFET symbol Oj 

showing the integral 

reverse P-N junction rectifier. gJJ 

UFND213 

- 

- 

0.45 

A 

'SM 

Pulse Source Current (Body Diode) 


- 

- 

2.5 

A 


- 

- 

1.8 

A 

VSD 

Diode Forward Voltage © 


- 

- 

2.0 

V 

Ta - 25°C, Is = 0.6A, Vqs = OV 



IQSsSS 

- 

~ 

1.8 

V 

Ta = 25°C, Is = 0.45A, Vqs = OV 

Vr 

Reverse Recovery Time 

ALL 

- 

290 

- 

ns 

Tj = 150°C, Ip = 0.6A, dlp/dt = 100A//iS 

Qrr 

Reverse Recovered Charge 

ALL 

- 

2.0 

- 

fiC 

Tj = 150OC, Ip = 0.6A, dlp/dt = 100A/>iS 

c 

o 

Forward Turn-on Time 

ALL 

Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Ls + Lq. | 


0Tj = 25°C to 1 50°C. ©Pulse Test: Pulse width < 300fis. Duty Cycle < 2%. 


Fig. 1 — Typical Output Characteristics 



Vds. drain TO-SOURCE voltage (VOLTS) 




Fig. 4 - Maximum Safe Operating Area 
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BVqsS. orain-to source breakdown voltage 

(NORMALIZEO) 9fs. TRANSCONDUCTANCE (SIEMENS) 


UFND210 UFND213 


Fig. 5 — Typical Transconductance Vs. Drain Current 



0 1.0 2.0 3.0 4.0 5.0 


Iq. drain CURRENT (AMPERES) 


Fig. 6 — Typical Source-Drain Diode Forward Voltage 



0 1.0 2.0 3.0 4.0 5.0 


Vsd.SOURCE-TO-DRAIN voltage (VOLTS) 


Fig. 7 — Breakdown Voltage Vs. Temperature 



-40 0 40 80 120 160 

Tj, JUNCTION TEMPERATURE (OC) 


Fig. 8 — Normalized On-Resistance Vs. Temperature 



-40 0 40 80 120 160 

Tj, JUNCTION TEMPERATURE (“O 
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RDS(on). DRAIN TO SOURCE ON RESISTANCE (OHMS) 


UFND210 UFND213 


Fig. 9 — Typical Capacitance Vs. Drain-to-Source Voltage 



Vqs, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 



0 2 4 6 8 10 

Qg, TOTAL GATE CHARGE (nC) 


Fig. 11 — Typical On-Resistance Vs. Drain Current 



0 2 4 6 8 10 

Iq. drain current (AMPERES) 


Fig. 12 — Maximum Drain Current Vs. Case Temperature 
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Fig. 13 - Power Vs. Temperature Derating Curve 
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UFND210 UFND213 


Fig. 14 — Clamped Inductive Test Circuit Fig. 15 — Clamped Inductive Waveforms 



Fig. 16 — Switching Time Test Circuit 



Fig. 17 — Gate Charge Test Circuit 



CURRENT “ CURRENT 
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POWER MOSFET TRANSISTORS 

100 Volt, 0.60 Ohm 
N-Channel 


UFNFllO 

UFNFlll 

UFNF112 

UFNF113 


FEATURES 

• Fast Switching 

• Low Drive Current 

• Ease of Paralleling 

• No Second Breakdown 

• Excellent Temperature Stability 


DESCRIPTION 

The Unitrode power MOSFET design utilizes the most advanced technology available. 
This efficient design achieves a very low RDS(on) and a high transconductance. 

The Unitrode power MOSFET features all of the advantages of MOS technology such as 
voltage control, freedom from second breakdown, very fast switching speeds, and 
thermal stability. 

These power MOSFETS are ideally suited for many high-speed, high-power switching 
applications such as switching power supplies, motor controls, and wide-band and 
audio amplifiers. 


PRODUCT SUMMARY 


Part Number 

Vds 

RDS(on) 

Id 

UFNFllO 

lOOV 

0.6Q 

3.5A 

UFNFlll 

60V 

0.6Q 

3.5A 

UFNF112 

lOOV 

0.8fl 

3.0A 

UFNF113 

60V 

0.8Q 

3.0A 


MECHANICAL SPECIFICATIONS 
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UFNFllO UFNFlll UFNF112 UFNF113 


ABSOLUTE MAXIMUM RATINGS 


1 Parameter 

UFNFllO 

UFNF111 

UFNF112 

UFNF113 

Units 

vps 

Drain - Source Voltage 0 

100 

60 

100 

60 

V 

Vdgr 

Drain - Gate Voltage (Rqs ~ ^ *3) 

100 

60 

100 

60 

V 

•d @ Tc = 25°C 

Continuous Drain Current 

3.5 

3.5 

3.0 

3.0 

A 

>DM 

Pulsed Drain Current (3) 

14 

14 

12 

12 

A 

Vqs 

Gate - Source Voltage 

±20 

V 

Pd @ Tc = 25°C 

Max. Power Dissipation 

15 (See Fig. 14) 

W 

Linear Derating Factor 

0.12 (See Fig. 14) 

W/K 

•lm 

Inductive Current, Clamped 

If 1 

(See Fig. 1 5 and 1 6) L = 100,,H 

!f 1 !i 1 

12 

A 

Tj 

"*’stg 

Operating Junction and 

Storage Temperature Range 

-55 to 150 

°C 

Lead Temperature 

300 (0.063 in. ( 1 .6mm) from case for 1 0s) 

°C 


ELECTRICAL CHARACTERISTICS @ Tq = 25°C (Unless otherwise specified) 


( Parameter 

Type 




Units 

Test Conditions 

BVdss 

Drain - Source Breakdown Voltage 

UFNFllO 

UFNF112 


■ 

- 

V 

Vqs = OV 




UFNF111 

UFNF113 



- 

V 

Iq = 250^A 


1 ^GS(th) Threshold Voltage 

ALL 

HQI 

BB 

■El 

V 

VdS = Vgs- Id = 250/.A 

•gss 

Gate-Source Leakage Forward 

ALL 

- 

- 

MEM 

■■I 

Vqs = 20V 

'gss 

Gate-Source Leakage Reverse 

ALL 

- 

- 

QEJJI 

nA 

Vqs = -20V 

•dss 

Zero Gate Voltage Drain Current 

ALL 

- 

- 

■■ 


V[)s = Max. Rating, Vqs 

= OV 



- 

- 


B&B 


'D(on) 

On-State Drain Current (D 

UFNF110 

UFNF111 



- 

A 

^DS > 'D(on) ^^DSIon) max.' ^GS “ 



UFNF112 

UFNF113 


n 

- 

A 

RDS(on) Static Drain-Source On-State 

Resistance (2) 

UFNFllO 

UFNFlll 

- 




Vqs = 10V, Id = 1.5A 



UFNF112 

UFNF113 

- 

0.6 

0.8 

Q 

gfs 

Forward Transconductance (D 

ALL 

HOQIII 

■a 


■HUB 

^DS > 'D(on) ^DS(on) max.' 'd = '' 

^iss 

Input Capacitance 

ALL 

- 



PF 

Vqs = OV, Vds = 25V, f 
See Fig. 10 

= 1.0 MHz 


Output Capacitance 

ALL 

- 


HSEI 

PF 

^rss 

Reverse Transfer Capacitance 

ALL 

- 



pF 


^d(on) 

Turn-On Delay Time 

ALL 

- 

mm 

20 

ns 

Vdd = 0.5BVdss.Id = 

1.5A, Zq = 500 

tr 

Rise Time 

ALL 

- 

mm 


ns 

See Fig. 1 7 


td(off) 

Turn-Off Delay Time 

ALL 

- 

mm 

wm 

ns 

(MOSFET switching times are essentially 

tf 

Fall Time 

ALL 

- 


mm 

ns 

independent of operating temperature.) 

Qg 

Total Gate Charge 
(Gate-Source Plus Gate-Drain) 


■ 



nC 

Vgs = lOV, Ip = 8.0A, Vpg = 0.8 Max. Rating. 

See Fig. 1 8 for test circuit. (Gate charge is essentially 

^gs 

Gate-Source Charge 

ALL 

- 

2.0 

- 

nC 

independent of operating temperature.) 

Qgd 

Gate-Drain (“Miller") Charge 

ALL 

_ 

3.0 

- 

nC 



Ld 

Internal Drain Inductance 

ALL 


5.0 


nH 

Measured from the 
drain lead, 5 mm (0.2 
in.) from header to 
center of die. 

Modified MOSFET 
symbol showing the 
internal device 
inductances. 

Ls 

Internal Source Inductance 

ALL 


15 


nH 

Measured from the 
source lead, 5mm (0.2 
in.) from header to 
source bonding pad. 



THERMAL RESISTANCE 


RthJC 

Junction-to-Case 

ALL 

- 

- 

8.33 

K/W 


RthJA 

Junction-to-Ambient 

ALL 

- 

- 

175 

K/W 

Free Air Operation 
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UFNFllO UFNFlll UFNF112 UFNF113 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


Is Continuous Source Current 

(Body Diode) 

UFNFllO 

UFNF111 


■ 

IQI 

A. 

Modified MOSFET symbol 
showing the integral 
reverse P-N junction rectifier. 

UFNF112 

UFNFt13 

- 

- 

3.0 

A 

*SM Pulse Source Current 

(Body Diode) (D 

UFNF110 

UFNF111 

- 

- 

14 


UFNF112 

UFNF113 

- 

- 


A 

VsD Diode Forward Voltage (2) 


- 

- 

2.5 

V 

T^ = 25‘»C, Ig = 3.5A, Vq5 = OV 


- 

- 

2.0 

V 

T^ = 25®C, Ig = 3.0A, Vgg = OV 

tfr Reverse Recovery Time 

ALL 

- 


- 

ns 

Tj = 150®C, Ip = 3.5A, dip/dt = 100A//iS 

Qpp Reverse Recovered Charge 

ALL 

- 

■Q 

- 

mC 

Tj = ISO^C, Ip = 3.5A, dIp/dt = 100A//xs 

ton Forward Turn-on Time 

ALL 

Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Ls + Lq. | 


0Tj = 25°Cto150°C. (2) Pulse Test: Pulse width < 300#iS, Duty Cycle <2%. (2) Repetitive Rating; Pulse width limited 

by max. junction temperature. 

See Transient Thermal Impedance Curve (Fig. 5). 



Vqs, DRAIN-TO-SOURCE voltage (VOLTS) 


Fig. 2 — Typical Transfer Characteristics 



Vqs. gate to source voltage (VOLTS) 


Fig. 3 - Typical Saturation Characteristics 



Vqs, drain TO-SOURCE voltage (VOLTS) 


Fig. 4 — Maximum Safe Operating Area 
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Z,hJc(t)/RthJC. normalized effective transient 

THERMAL IMPEDANCE (PER UNIT) 


UFNFllO UFNFlll UFNF112 UFNF113 


Fig. 5 — Maximum Effective Transient Thermal Impedance, Junction-to-Case Vs, Pulse Duration 



ti, SOUARE WAVE PULSE DURATIDN (SECDNDS) 


Fig. 6 — Typical Transconductance Vs. Drain Current Fig. 7 — Typical Source-Drain Diode Forward Voltage 



0 0.8 1 6 2.4 32 4.0 4.8 5.6 6.4 7.2 8 0 0 0.2 0.4 06 0.8 1.0 1.2 1.4 1.6 1.8 2.0 

Id. drain CURRENT (AMPERES) VgQ, SDURCE TO-DRAIN VOLTAGE (VOLTS) 


Fig, 8 — Breakdown Voltage Vs. Temperature Fig. 9 — Normalized On-Resistance Vs. Temperature 
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RDS(on). ORAIN-TO-SOURCE ON RESISTANCE (OHMS) 


UFNFllO UFNFlll UFNF112 UFNF113 


Fig. 10 — Typical Capacitance Vs. Drain-to-Source Voltage 



0 10 20 30 40 50 

Vqs. ORAIN-TO-SOURCE VOLTAGE (VOLTS) 



0 2 4 6 8 10 


Qg, TOTAL GATE CHARGE (nC) 


Fig. 12 — Typical On-Resistance Vs. Drain Current 


Fig. 13 — Maximum Drain Current Vs. Case Temperature 
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Iq, GRAIN CURRENT (AMPERES) 



25 50 75 100 125 150 

Tc, CASE TEMPERATURE (OC) 


Fig. 14 — Power Vs. Temperature Derating Curve 



0 20 40 60 80 100 120 140 


Tc, CASE TEMPERATURE (OC) 
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UFNFllO UFNFlll UFNF112 UFNF113 


Fig. 15 — Clamped Inductive Test Circuit Fig. 16 — Clamped Inductive V'Vaveforms 



Fig. 17 — Switching Time Test Circuit 



Fig. 18 — Gate Charge Test Circuit 
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POWER MOSFET TRANSISTORS 

100 Volt, 0.30 Ohm 
N-Channel 


UFNF120 

UFNF121 

UFNF122 

UFNF123 


FEATURES 

• Fast Switching 

• Low Drive Current 

• Ease of Paralleling 

• No Second Breakdown 

• Excellent Temperature Stability 


DESCRIPTION 

The Unitrode power MOSFET design utilizes the most advanced technology available. 
This efficient design achieves a very low RDS(on) and a high transconductance. 

The Unitrode power MOSFET features all of the advantages of MOS technology such as 
voltage control, freedom from second breakdown, very fast switching speeds, and 
thermal stability. 

These power MOSFETS are ideally suited for many high-speed, high-power switching 
applications such as switching power supplies, motor controls, and wide-band and 
audio amplifiers. 


PRODUCT SUMMARY 


Part Number 

Vds 

RDS<on) 

Id 

UFNF120 

lOOV 

0.30Q 

6.0 A 

UFNF121 

60V 

0.300 

6.0A 

UFNF122 

lOOV 

0.400 

5.0A 

UFNF123 

60V 

0.400 

5.0A 


MECHANICAL SPECIFICATIONS 



TO-205AD (TO-39) 


•S 


4/83 
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UFNF120 UFNF121 UFNF122 UFNF123 


ABSOLUTE MAXIMUM RATINGS 


Parameter 

UFNF120 

UFNF121 

UFNF122 

UFNF123 

Units 

V0S Drain - Source Voltage 0 

100 

60 

100 

60 

V 

V0QR Drain - Gate Voltage (Rqs = 1 ® 

100 

60 

100 

60 

V 

Iq @ Tq = 25°C Continuous Drain Current 

6.0 

6.0 

5.0 

5.0 

A 

IqI^ Pulsed Drain Current (1) 

24 

24 

20 

20 

A 

Vqs Gate - Source Voltage 

±20 

V 

Pd @ Tc = 25°C Max. Power Dissipation 

20 (See Fig. 14) 

W 

Linear Derating Factor 

0.16 (See Fig. 14) 

W/K 

Ilm Inductive Current, Clamped 

(See Fig. 15and 16) L = lOO^H 

24 1 24 1 20 1 20 

A 

T j Operating Junction and 

Tg^g Storage Temperature Range 

-55 to 150 

®C 

Lead Temperature 


°C 


ELECTRICAL CHARACTERISTICS @ T^ = 25°C (Unless otherwise specified) 


1 Parameter 

Type 


BHa 


Units 

Test Conditions 

BVqss 

Drain - Source Breakdown Voltage 

UFNF120 

UFNF122 

100 

- 

- 

V 

vgs = ov 




UFNF121 

UFNF123 

60 

- 

- 

V 

Id = 250/xA 


1 ^GS(th) Gate Threshold Voltage 

ALL 

2.0 

- 

mm 

V 

vds = Vgs* 'd = 250^a 


Gate-Source Leakage Forward 

ALL 

- 

- 

ilEI 

nA 

Vgs = 20V 

'gss 

Gate-Source Leakage Reverse 

ALL 

- 

- 


nA 

Vqs = -20V 

•dss 

Zero Gate Voltage Drain Current 

ALL 

- 

- 


aA 

Vps = Max. Rating, Vqs 

= OV j 



- 

- 

IQgQI 

mA 

Vds = Max. Rating x 0.8, Vqs = OV, Tq = 1 25°C 

>D(on) 

On-State Drain Current (5) 

UFNF120 

UFNF121 

6.0 

- 

- 

A 

VdS > 'D(on) ^ ^DS(on) max.' Vgs * ‘'^V 



UFNF122 

UFNF123 

5.0 

- 

- 

A 

RDS(on) 

Static Drain-Source On-State 
Resistance (5) 

UFNF120 

UFNF121 

- 




Vgs = 10V, Id = s.oa 



UFNF122 

UFNF123 

- 

0.30 

0.40 


gfs 

Forward Transconductance (2) 

ALL 

1.5 

2.9 

- 

S(0) 

VpS > 'D(on) ^ ^DS(on) max.' 'd = 

Gjss 

Input Capacitance 

ALL 

- 

450 

600 

PF 



^oss 

Output Capacitance 

ALL 

- 

200 

400 

pF 

Grss 

Reverse Transfer Capacitance 

ALL 

- 

50 

100 

pF 


td(on) 

Turn-On Delay Time 

ALL 

- 

20 

40 

ns 

Vdd ^ ®VdsS' 'd “ 

3.0A, Zq = 50Q 

tr Rise Time 

ALL 

- 

37 

70 

ns 

See Fig. 17 


td(off) 

Turn-Off Delay Time 

ALL 

- 

50 

100 

ns 

(MOSFET switching times are essentially 

tf 

Fall Time 

ALL 

- 

35 

70 

ns 

independent of operating temperature.) 

Qg 

Total Gate Charge 
(Gate-Source Plus Gate-Drain) 

ALL 

- 

10 

15 

nC 

Vgs * ^®V- Id * 10A, Vpg = O.S Max. Rating. 

See Fig. 1 8 for test circuit. (Gate charge is essentially 

Qgs 

Gate-Source Charge 

ALL 

- 

6.0 

- 

nC 

independent of operating temperature.) 

D 

CD 

Q. 

Gate-Drain ("Miller") Charge 

ALL 

- 

4.0 

- 

nC 



>-D 

Internal Drain Inductance 

ALL 


5.0 


nH 

Measured from the 
drain lead, 5 mm (0.2 
in.) from header to 
center of die. 

Modified MOSFET 
symbol showing the 
internal device 
inductances. 

t-s 

Internal Source Inductance 

ALL 


15 


nH 

Measured from the 
source lead, 5mm (0.2 
in.) from header to 
source bonding pad. 



THERMAL RESISTANCE 


RthJC 

Junction-to-Case 

ALL 

- 

- 

6.25 

K/W 


RthJA 

Junction-to- Ambient 

ALL 

- 

- 

175 

K/W 

Free Air Operation 
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UFNF120 UFNF121 UFNF122 UFNF123 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


I 5 Continuous Source Current 

(Body Diode) 

UFNF120 

UFNF121 


- 

6.0 

A 

Modified MOSFET symbol 
showing the integral 
reverse P-N junction rectifier. 

4 ^ 

UFNF122 

UFNF123 


- 

5.0 

A 

*SM Pulse Source Current 

(Body Diode) (D 

UFNF 120 

UFNF121 

- 

- 

24 

A 

UFNF122 

UFNF123 

- 

- 

20 

A 

VsD Diode Forward Voltage (2) 

UFNF120 

UFNF121 

- 

- 

2.5 

V 

Tq = 25®C, I 3 = 6.0A, VQg = OV 

UFNF122 

UFNF123 

- 

- 

2.3 

V 

Tq = 25®C, Ig = 5.0A, Vgg = OV 

Reverse Recovery Time 

ALL 

- 

230 

- 

ns 

Tj = 1 50®C, Ip = 6.0A, dip/dt = 1 OOA/ms 

Qrr Reverse Recovered Charge 

ALL 

- 

1.2 

- 

fiC 

Tj = 150®C, Ip = 6.0A, dlp/dt = 100A//iS 

^on Forward Turn-on Time 

ALL 

Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Ls + Lq. | 


0Tj = 25°C to 1 50°C. (2)Pulse Test: Pulse width < 300^s, Duty Cycle < 2%. (D Repetitive Rating: Pulse width limited 

by max. junction temperature. 

See Transient Thermal Impedance Curve (Fig. 5). 


Fig, 1 — Typical Output Characteristics 


20 


16 



0 10 20 30 40 50 

Vqs, drain to source voltage (VOLTS) 




0 2 4 6 8 10 

Vqs, GATE TO-SOURCE voltage (VOLTS) 


Fig. 3 — Typical Saturation Characteristics 



0 1 2 3 4 5 

Vos, DRAIN TO SOURCE VOLTAGE (VOLTS) 




TO 2 5 10 20 50 100 200 500 

Vqs, DRAIN TO SOURCE VOLTAGE (VOLTS) 
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UFNF120 UFNF121 UFNF122 UFNF123 


Fig. 5 — Maximum Effective Transient Thermal Impedance, Junction-to-Case Vs. Pulse Duration 



Fig. 6 — Typical Transconductance Vs. Drain Current Fig. 7 — Typical Source-Drain Diode Forward Voltage 



Iq, drain current (AMPERES) 



0 12 3 

Vsd.SOURCE-TO-DRAIN voltage (VOLTS) 


Fig. 8 — Breakdown Voltage Vs. Temperature 



-60 -40 -20 0 20 40 60 80 100 120 140 

Tj, JUNCTION TEMPERATURE (“O 


Fig. 9 — Normalized On-Resistance Vs. Temperature 
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Rosion)- DRAIN-TO SOURCE ON RESISTANCE (OHMS) CAPACITANCE (pF) 


UFNF120 UFNF121 UFNF122 UFNF123 


Fig. 10 — Typical Capacitance Vs. Drain-to-Source Voltage 



0 10 20 30 40 so 


Vq3, ORAIN TO-SOURCE voltage (VOLTS) 

ig. 12 — Typical On-Resistance Vs. Drain Current 



0 10 20 30 40 


Iq, drain current (AMPERES) 


Fig. 11 — Typical Gate Charge Vs. Gate -to -Source Voltage 



0 4 8 12 16 20 


Qg, TOTAL GATE CHARGE (nC) 

Fig. 13 — Maximum Drain Current Vs. Case Temperature 



Tc, case TEMPERATURE (<>0 


Fig. 14 — Power Vs. Temperature Derating Curve 



Tc, CASE TEMPERATURE (OC) 
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UFNF120 UFNF121 UFNF122 UFNF123 



Fig. 15 — Clamped Inductive Test Circuit 


Fig. 16 — Clamped Inductive Waveforms 



Fig. 17 — Switching Time Test Circuit 



Fig. 18 — Gate Charge Test Circuit 
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POWER MOSFET TRANSISTORS 

100 Volt, 0.18 Ohm 
N-Channel 


UFNF130 

UFNF131 

UFNF132 

UFNF133 


FEATURES 

• Fast Switching 

• Low Drive Current 

• Ease of Paralleling 

• No Second Breakdown 

• Excellent Temperature Stability 


DESCRIPTION 

The Unitrode power MOSFET design utilizes the most advanced technology available. 
This efficient design achieves a very low Rosion) and a high transconductance. 

The Unitrode power MOSFET features all of the advantages of MOS technology such as 
voltage control, freedom from second breakdown, very fast switching speeds, and 
thermal stability. 

These power MOSFETS are ideally suited for many high-speed, high-power switching 
applications such as switching power supplies, motor controls, and wide-band and 
audio amplifiers. 


PRODUCT SUMMARY 


Part Number 

Vds 

RDS(on) 

Id 

UFNF130 

lOOV 

0.180 

8.0A 

UFNF131 

60V 

0.180 

8.0A 

UFNF132 

lOOV 

0.250 

7.0A 

UFNF133 

60V 

0.250 

7.0A 


MECHANICAL SPECIFICATIONS 



TO-205AD (TO-39) 




UNITRODE 


4/83 
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UFNF130 UFNF131 UFNF132 UFNF133 


ABSOLUTE MAXIMUM RATINGS 


Parameter 

UFNF130 

UFNF131 

UFNF132 

UFNF133 

Units 


100 

60 

100 

60 

V 

Vqqr Drain - Gate Voltage (Rqs " ^ ® 

100 

60 

100 

60 

V 

'D @ “ 25°C Continuous Drain Current 

8.0 

8.0 

7.0 

7.0 

A 

IqP^ Pulsed Drain Current 

32 

32 

28 

28 

A 

Vqs Gate - Source Voltage 

±20 

V 

Pd @ ^C “ 25°C Max. Power Dissipation 

25 (See Fig. 14) 

W 

Linear Derating Factor 

0.2 (See Fig. 14) 

W/K 

Il(\/I Inductive Current, Clamped 

(See Fig. 15and 16) L = lOO^H 

32 1 32 1 28 1 28 

A 

Tj Operating Junction and 

Tgtg Storage Temperature Range 

-55 to 150 

°C 

Lead Temperature 

300 (0.063 in. ( 1 .6mm) from case for 1 0s) 

“C 


ELECTRICAL CHARACTERISTICS @ Tq = 25°C (Unless otherwise specified) 


1 Parameter 

Type 


IBM 


Units 

Test Conditions 

BVdsS 

Drain - Source Breakdown Voltage 

UFNF130 

UFNF132 


a 

- 

V 

Vqs = OV 




UFNF131 

UFNF133 


■ 

- 

V 

Id = 250mA 


1 VQ 3 |^f^) Gate Threshold Voltage 

ALL 

2.0 

- 

4.0 

V 

VdS = '^GS' 'D = 250mA 

1 'gss 

Gate-Source Leakage Forward 

ALL 

- 

- 

HS3I 

nA 

Vqs = 20V 



ALL 

- 

- 

-100 

nA 


•dss 

Zero Gate Voltage Drain Current 

ALL 

- 

- 

250 

mA 

Vqs = Max. Rating, Vq 3 

= OV 



- 

- 

1000 

aA 

Vqs ~ Max. Rating x 0.8, V (^3 = OV, Tq = 1 25°C 

*D(on) 

On-State Drain Current (D 

UFNF130 

UFNF131 

8.0 

- 

- 

A 


, Vr^c = 10V 



UFNF132 

UFNF133 

7.0 



A 


BDS(on) 

Static Drain-Source On-State 
Resistance (5) 

UFNF130 

UFNF131 

- 

0.14 

0.18 

fi 

Vqs = lOV, Id = 4.0A 



UFNF132 

UFNF133 

- 

0.20 

0.25 

n 

9fs 

Forward Transconductance (5) 

ALL 

4.0 

5.5 

- 

S(0) 

^DS ^ 'D(on) '^DS(on) max.' 'd = 

^iss 

Input Capacitance 

ALL 

- 

600 

800 

pF 

Vqs = OV, Vds = 25V, f 
See Fig. 1 0 

= 1.0 MHz 

^oss 

Output Capacitance 

ALL 

- 

300 

500 

pF 

^rss 

Reverse Transfer Capacitance 

ALL 

- 

100 

150 

pF 


^d(on) 

Turn-On Delay Time 

ALL 

- 

30 

50 

ns 

Vdd - 0.5 BVpgg, Iq = 

4.0A, Zq = 50fi 

tr 

Rise Time 

ALL 

- 

80 

150 

ns 

See Fig. 1 7 


td(off) 

Turn-Off Delay Time 

ALL 

- 

50 

100 

ns 

(MOSFET switching times are essentially 

tf 

Fall Time 

ALL 

- 

80 

150 

ns 

independent of operating temperature.) 

Qg 

Total Gate Charge 
(Gate-Source Plus Gate-Drain) 

ALL 


18 

30 

nC 

Vgs = 10V, Ip = 18A, Vpg = 0.8 Max. Rating. 

See Fig. 1 8 for test circuit. (Gate charge is essentially 

Qgs 

Gate-Source Charge 

ALL 


9.0 

- 

nC 

independent of operating temperature.) 

B9i 

Gate-Drain ("Miller”) Charge 

ALL 

- 

9.0 

- 

nC 



l-D 

Internal Drain Inductance 

ALL 


5.0 

1 

nH 

Measured from the 
drain lead, 5 mm (0.2 
in.) from header to 
center of die. 

Modified MOSFET 
symbol showing the 
internal device 
inductances. 

Ls 

Internal Source Inductance 

ALL 

1 


1 

nH 

Measured from the 
source lead, 5mm (0.2 
in.) from header to 
source bonding pad. 



THERMAL RESISTANCE 


RthJC 

Junction-to-Case 

ALL 

- 

- 

5.0 

BDI 


BthJA 

Junction-to-Ambient 

ALL 

- 

- 



Free Air Operation 
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UFNF130 UFNF131 UFNF132 UFNF133 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


Is Continuous Source Current 

(Body Diode) 

UFNF130 

UFNF131 

- 

- 


A 

Modified MOSFET symbol 
showing the integral 
reverse P-N junction rectifier. 

UFNF132 

UFNF133 

- 

- 

ra 

n 


UFNF130 

UFNF131 

- 

- 

32 

a 

UFNF132 

UFNF133 

- 

■ 

28 

B 


UFNF130 

UFNF131 

- 

- 

O 

V 

Tq = 25®C, Ig = 8.0A, Vq3 = OV 

UFNF132 

UFNF133 

- 

- 

IQI 

V 

Tc = 250C, Ig = 7.0A, V(3g = OV 

t^r Reverse Recovery Time 

ALL 

- 


- 

ns 

Tj = IBO^C, Ip = 8.0A, dip/dt = IOOA/mS 

Qrr Reverse Recovered Charge 

ALL 

- 

mm 

- 

fiC 

Tj * 150®C, Ip = 8.0A, dIp/dt = lOOA/^s 


ALL 

Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Ls + Lq. | 


©Tj = 25°C to 1 50°C. ©Pulse Test: Pulse width < SOO^s, Duty Cycle < 2%. d) Repetitive Rating: Pulse width limited 

by max. junction temperature. 

See Transient Thermal Impedance Curve (Fig. 5). 


Fig. 1 - Typical Output Characteristics 



Vqs, drain to source voltage (VOLTS) 



0 2 4 6 8 10 

Vgs, GATE-TO-SOURCE voltage (VOLTS) 


Fig. 3 — Typical Saturation Characteristics 
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Vds, drain to source voltage (VOLTS) 
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Vqs, DRAIN-TO-SOURCE voltage (VOLTS) 
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UFNF130 UFNF131 UFNF132 UFNF133 



10-5 2 5 10-4 2 5 io-3 2 5 io-2 2 5 lO'l 2 5 iq 2 5 iq 

ti, SQUARE WAVE PULSE DURATION (SECONDS) 




Fig. 8 — Breakdown Voltage Vs. Temperature 
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Tj, JUNCTION TEMPERATURE (OC) 
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DS(on)' DRAIN-TO-SOURCE ON RESISTANCE (OHMS) 


UFNF130 UFNF131 UFNF132 UFNF133 


Fig. 10 — Typical Capacitance Vs. Drain-to-Source Voltage 
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Fig. 12 — Typical On-Resistance Vs. Drain Current Fig. 13 — Maximum Drain Current Vs. Case Temperature 
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Fig. 14 — Power Vs. Temperature Derating Curve 
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UFNF130 UFNF131 UFNF132 UFNF133 


Fig. 15 -* Clamped Inductive Test Circuit 


Fig. 16 — Clamped Inductive Waveforms 



Fig. 17 — Switching Time Test Circuit 



Fig. 18 — Gate Charge Test Circuit 
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POWER MOSFET TRANSISTORS 

200 Volt, 1.5 Ohm 
N-Channel 


UFNF210 

UFNF211 

UFNF212 

UFNF213 


FEATURES 

• Fast Switching 

• Low Drive Current 

• Ease of Paralleling 

• No Second Breakdown 

• Excellent Temperature Stability 


DESCRIPTION 

The Unitrode power MOSFET design utilizes the most advanced technology available. 
This efficient design achieves a very low RDS(on) and a high transconductance. 

The Unitrode power MOSFET features all of the advantages of MOS technology such as 
voltage control, freedom from second breakdown, very fast switching speeds, and 
thermal stability. 

These power MOSFETS are ideally suited for many high-speed, high-power switching 
applications such as switching power supplies, motor controls, and wide-band and 
audio amplifiers. 


PRODUCT SUMMARY 


Part Number 

Vds 

RpSCon) 

Id 

UFNF210 

200V 

1.5Q 

2.2k 

UFNF211 

150 V 

1.50 

2.2k 

UFNF212 

200V 

2.40 

1.8A 

UFNF213 

150 V 

2.40 

1.8A 


MECHANICAL SPECIFICATIONS 


UFNF210 UFNF211 UFNF212 UFNF213 



5 08(0 20) 


9 14 (0.36) 



All Dimensions in Millimeters and (Inches) 


TO-205AD (TO-39) 
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UFNF210 UFNF211 UFNF212 UFNF213 


ABSOLUTE MAXIMUM RATINGS 


Parameter 

UFNF210 

UFNF211 

UFNF212 


Units 

Vds 


200 

150 

200 

150 

V 

vdgr 


200 

150 

200 

'150 

V 

Id@Tc = 25°C 

Continuous Drain Current 

2.2 

2.2 

1.8 

1.8 

A 

•dm 

Pulsed Drain Current (3) 

9.0 

9.0 

7.5 

7.5 

A 

Vgs 

Gate — Source Voltage 

±20 

V 

Pd@Tc = 25°C 

Max. Power Dissipation 

15 (See Fig. 14) 

W 

Linear Derating Factor 

0.12 (See Fig. 14) 

W/K 

•lm 

Inductive Current, Clamped 

9.0 

(See Fig. 1 5 and 1 6) L = 1 0O^tH 
9.0 1 7.5 

1 7.5 

A 

Tj 

Tstg 

Operating Junction and 

Storage Temperature Range 

-55 to 150 

“C 

Lead Temperature 

300 (0.063 in. ( 1 .6mm) from case for 1 0s) 

°C 


ELECTRICAL CHARACTERISTICS @ Tc == 25” C (Unless otherwise specified) 


1 Parameter 

Type 


HBM 


Units 

Test Conditions 

BVdss 

Drain — Source Breakdown Voltage 

UFNF210 

UFNF212 

200 

- 

- 

V 

Vgs = ov 




UFNF211 

UFNF213 

150 

- 

- 

V 

Iq = 250fiA 


1 ^GS(th) Gsle Threshold Voltage 

ALL 

2.0 

- 

4.0 

V 

Vds = Vgs- Id = 250mA 

'gss 

Gate — Source Leakage Forward 

ALL 

- 

- 

100 

nA 


'gss 

Gate — Source Leakage Reverse 

ALL 

- 

- 

-100 

nA 

Vgs = -20V 

•dss 

Zero Gate Voltage Drain Current 

ALL 

- 

- 

250 

aA 

Vds = Rating, Vqs 

= OV 



- 

- 

1000 

aA 


'D(on) 

On-State Drain Current (5) 

UFNF210 

UFNF211 

2.2 

- 

- 

A 

VDS>lD(on)xBDS(on)m 

ax..VGS= lOV 



UFNF212 

UFNF213 

1.8 

- 

- 

A 

RDS(on) 

Static Drain — Source On-State 
Resistance (2) 

UFNF210 

UFNF211 

- 

1.0 

B 

Q 

Vgs = lOV, Iq - 1.25A 



UFNF212 

UFNF213 

- 

1.5 

B 

Q 

gfs 


ALL 

0.8 

IB 


S{15) 

Vds > iD(on) RDS(on) max.- 'D = 1 ^BA 

^iss 

Input Capacitance 

ALL 

- 

Q3 

1031 

PF 

Vgs = ov, Vds = 25v, 

See Fig. tO 

= 1.0 MHz 

Coss 

Output Capacitance 

ALL 

- 

60 

80 

pF 

^rss 

Reverse Transfer Capacitance 

ALL 

- 

16 

wm 

pF 


^d(on) 

Turn-On Delay Time 

ALL 

- 

8.0 

,5 

ns 

Vdd ^ 0.5 BVdsS' 'd = 

1.25A, Zq = 50n 

tr 

Rise Time 

ALL 

- 

15 


ns 

See Fig. 17 


td(off) 

Turn-Off Delay Time 

ALL 

- 

10 

mm 

ns 

(MOSFET switching times are essentially 

tf 

Fall Time 

ALL 

- 

8.0 

mm 

ns 

independent of operating temperature.) 

Qg 

Total Gate Charge 
(Gate-Source Plus Gate-Drain) 

ALL 

- 


m 

nC 

Vgs = ^OV, Id =4.5A, Vds = 0.8V Max. Rating. 

See Fig. 1 8 for test circuit. (Gate charge is essentially 

Qgs 

Gate-Source Charge 

ALL 

- 



nC 

independent of operating temperature.) 

‘^gd 

Gate-Drain ("Miller") Charge 

ALL 

- 



nC 



>-D 

Internal Drain Inductance 

ALL 


5.0 


nH 

Measured from the 
drain lead, 5mm 
(0.2 in.) from header 
to center of die. 

Modified MOSFET 
symbol showing the 
internal device 
inductances. 




1 



nH 

Measured from the 
source lead, 5mm 
(0.2 in.) from header 
to source bonding 
pad. 

mi 


THERMAL RESISTANCE 


BthJC 

Junction-to-Case 

ALL 

- 

- 

ESEI 



BthJA 

Junction-to-Ambient 

ALL 

- 

- 



I Free Air Operation j 
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UFNF210 UFNF211 UFNF212 UFNF213 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


Is Continuous Source Current 

(Body Diode) 

UFNF210 

UFNF211 

- 

- 

2.2 

A 

Modified MOSFET symbol 
showing the integral 
reverse P-N junction rectifier. 

UFNF212 

UFNF213 

- 

- 

1.8 

A 

ISM Pulse Source Current 

(Body Diode) © 

UFNF210 

UFNF211 

- 

- 

9.0 

A 

UFNF212 

UFNF213 

- 

- 

7.5 

A 

VsD Diode Forward Voltage © 

UFNF210 

UFNF211 

- 

- 

2.0 

V 

Tc = 25°C, 1,3 = 2.2A, Vqs = OV 

UFNF212 

UFNF213 

- 

- 

1.8 


Tc = 25°C, Is = 1 .8A, Vqs = OV 

tfr Reverse Recovery Time 

ALL 

- 

290 

~ 

ns 

Tj = 150°C, Ip = 2.2A, dip/dt = lOOA/^s 

Qrr Reverse Recovered Charge 

ALL 

- 

2.0 

- 

fiC 

Tj = 150°C, Ip = 2.2A, dIp/dt = 10OA//xs 

^on Forward Turn-on Time 

ALL 

Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Ls + Lq. | 


©Tj = 25°Ctol50°C. ©Pulse Test: Pulse width < 300/iS, Duty Cycle < 2%. ©Repetitive Rating: Pulse width limited 

by max. junction temperature. 

See Transient Thermal Impedance Curve (Fig. 5). 



VDS, DRAIN TOrSOURCE VOLTAGE (VOLTS) 



0 2 4 6 8 10 

Vgs. gate to source voltage (VOLTS) 


Fig. 3 — Typical Saturation Characteristics 



0 1.0 2.0 3.0 4.0 5.0 

Vqs, DRAIN-TO-SOURCE voltage (VOLTS) 


Fig. 4 — Maximum Safe Operating Area 
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Z,hJc(t)/RfhJC- normalized effective transient 

THERMAL IMPEDANCE (PER UNIT) 


UFNF210 UFNF211 UFNF212 UFNF213 


Fig. 5 — Maximum Effective Transient Thermal Impedance, Junction-to-Case Vs. Pulse Duration 





0 1.0 2.0 3 0 4.0 5.0 


Id, DRAIN CURRENT (AMPERES) 

Fig. 8 — Breakdown Voltage Vs. Temperature 



Tj, JUNCTION TEMPERATURE (OC) 



0 1 0 2 0 3.0 4 0 5 0 

VsD, SOURCE TO DRAIN VOLTAGE (VOLTS) 


Fig. 9 — Normalized On-Resistance Vs. Temperature 
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UFNF210 UFNF211 UFNF212 UFNF213 


Fig. 10 — Typical Capacitance Vs. Drain-to-Source Voltage Fig. 11 - Typical Gate Charge Vs. Gate-to-Source Voltage 



Vqs, DRAIN TO SOURCE voltage (VOLTS) 



0 2 4 6 8 10 

Qg, TOTAL GATE CHARGE (nC) 


Fig. 12 — Typical On-Resistance Vs. Drain Current 
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Iq, DRAIN CURRENT (AMPERES) 


Tc, CASE TEMPERATURE (OC) 


Fig. 14 — Power Vs. Temperature Derating Curve 
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UFNF210 UFNF211 UFNF212 UFNF213 


Fig. 15 — Clamped Inductive Test Circuit 


Fig. 16 — Clamped Inductive Waveforms 



Fig. 17 — Switching Time Test Circuit 



Fig. 18 — Gate Charge Test Circuit 
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POWER MOSFET TRANSISTORS 

200 Volt 0.8 Ohm 
N-Channel 


UFNF220 

UFNF221 

UFNF222 

UFNF223 


FEATURES 

• Fast Switching 

• Low Drive Current 

• Ease of Paralleling 

• No Second Breakdown 

• Excellent Temperature Stability 


DESCRIPTION 

The Unitrode power MOSFET design utilizes the most advanced technology available. 
This efficient design achieves a very low RDS(on) and a high transconductance. 

The Unitrode power MOSFET features all of the advantages of MOS technology such as 
voltage control, freedom from second breakdown, very fast switching speeds, and 
thermal stability. 

These power MOSFETS are ideally suited for many high-speed, high-power switching 
applications such as switching power supplies, motor controls, and wide-band and 
audio amplifiers. 


PRODUCT SUMMARY 


Part Number 

Vds 

RoSCon) 

Id 

UFNF220 

200V 

0.8fi 

3.5A 

UFNF221 

150 V 

0.8Q 

3.5A 

UFNF222 

200V 

1.2Q 

3.0A 

UFNF223 

150 V 

1.20 

3.0A 


MECHANICAL SPECIFICATIONS 



TO-205AD (TO-39) 
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UFNF220 UFNF221 UFNF222 UFNF223 


ABSOLUTE MAXIMUM RATINGS 


Parameter 

UFNF220 

UFNF221 

UFNF222 

UFNF223 

Units 

Vq 5 Dram — Source Voltage 0 

200 

150 

200 

150 

V 

Vqqr Dram — Gate Voltage (Rqs = ^ (D 

200 

150 

200 

150 

V 

Iq @ T^ = 25°C Continuous Drain Current 

3.5 

3.5 

3.0 

3.0 

A 

IqM Pulsed Dram Current (§) 

14 

14 

12 

12 

A 

Vqs Gate — Source Voltage 

±20 

V 

^D @ "'^C ” 25°C Max. Power Dissipation 

20 (See Fig. 14) 

W 

Linear Derating Factor 

0.16 (See Fig. 14) 

W/K 

ll_(\/l Inductive Current, Clamped 

(See Fig. 1 5 and 1 6) L - 1 0O^H 

14 1 14 1 12 1 12 

A 

T j Operating Junction and 

Tgtg Storage Temperature Range 

-55 to 150 

°C 

Lead Temperature 

300 (0.063 in. (1 .6mm) from case for 10s) 

°C 


ELECTRICAL CHARACTERISTICS @ Tc = 25‘’C (Unless otherwise specified) 


1 Parameter 

Type 

Mm. 

Typ. 

Max. 

Units 

Test Conditions 

BVdsS 

Dram - Source Breakdown Voltage 

UFNF220 

UFNF222 

200 

- 

- 

V 

Vgs = ov 




UFNF221 

UFNF223 

150 

- 


V 

Id = 250mA 


1 ''^GS(th) Gate Threshold Voltage 

ALL 

2.0 

- 

4.0 

V 

^DS = '^GS' 'D ^ 250mA 

■gss 

Gate — Source Leakage Forward 

ALL 

- 

- 

100 

nA 

Vgs - 20V 

•gss 

Gate — Source Leakage Reverse 

ALL 

- 

- 

-100 

nA 

Vgs = -20V 

'dss 

Zero Gate Voltage Dram Current 

ALL 

- 

- 

250 

aA 

Vds Max. Rating, Vgs 

= OV 



- 

- 

1000 

mA 

Vds Max. Rating x 0.8, Vgs = OV, Tq = 1 25°C 

'D(on) 

On-State Drain Current (2) 

UFNF220 

UFNF221 

3.5 

- 

- 

A 

Vds > *D(on) F?DS(on) m 

ax.- V gs - 10V 



UFNF222 

UFNF223 

3.0 

- 

- 

A 

RDS(on) 

Static Dram — Source On-State 
Resistance (2) 

UFNF220 

UFNF221 

- 

0.5 

0.8 

n 

Vgs = ""OV, Id = 2.0A 



UFNF222 

UFNF223 


0.8 

1.2 

fi 

9fs 

Forward Transconductance (2) 

ALL 

1.5 

2.25 

- 

S(U) 

Vds ^ *D(on) ^ ^DS(on) max.- *D “ 2.0A 

C|SS 

Input Capacitance 

ALL 

- 

450 

600 

pF 

Vgs - ov, Vds = 25v, 

See Fig. 10 

- 1.0 MHz 

^oss 

Output Capacitance 

ALL 

- 

150 

300 

pF 

Crss 

Reverse Transfer Capacitance 

ALL 

- 

40 

80 

pF 


^d(on) 

Turn-On Delay Time 

ALL 

- 

20 

40 

ns 

VdD ^ 0.5 BVdsS' 'd = 

2.0A, Zq = 5011 

tr 

Rise Time 

ALL 

- 

30 

60 

ns 

See Fig. 1 7 


^d(off) 

Turn-Off Delay Time 

ALL 

- 

50 

100 

ns 

(MOSFET switching times are essentially 

tf 

Fall Time 

ALL 

- 

30 

60 

ns 

independent of operating temperature.) 

Qg 

Total Gate Charge 
(Gate-Source Plus Gate-Drain) 

( '■■■■■ '■■■ ' ■' 
i ALL 

- 

11 

15 

nC 

Vgs = ■'OV, Id =7.0A,Vds == O.SVMax. Rating. 

See Fig. 1 8 for test circuit. (Gate charge is essentially 
independent of operating temperature.) 

Qgs 

Gate-Source Charge 

ALL 

- 

5.0 

- 

nC 

%d 

Gate-Drain ("Miller") Charge 

ALL 

- 

6.0 

- 

nC 



Ld 

Internal Dram Inductance 

ALL 


5.0 


nH 

Measured from the 
drain lead, 5mm 
(0.2 m.) from header 
to center of die. 

Modified MOSFET 
symbol showing the 
internal device 
inductances. 

LS 

Internal Source Inductance 

ALL 


15 


nH 

Measured from the 
source lead, 5mm 
(0.2 in.) from header 
to source bonding 
pad. 



THERMAL RESISTANCE 


RthJC 

Junction-to-Case 

ALL 

- 

- 

6.25 

K/W 


•^thJA 

Junction-to-Ambient 

ALL 

- 

- 

175 

K/W 

Free Air Operation 
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UFNF220 UFNF221 UFNF222 UFNF223 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


Is Continuous Source Current 

(Body Diode) 

UFNF220 

UFNF221 

- 

- 

3.5 

A 

Modified MOSFET symbol 
showing the integral 
reverse P-N junction rectifier. 

UFNF222 

UFNF223 

- 

- 

3.0 

A 

Ism Pulse Source Current 

(Body Diode) (J) 

UFNF220 

UFNF221 

- 

- 

14 

A 

UFNF222 

UFNF223 

- 

- 

12 

A 

VsD Diode Forward Voltage (D 

UFNF220 

UFNF221 

- 

- 

2.0 

V 

Tp = 25°C, Is = 3.5A, Vqs = OV 

UFNF222 

UFNF223 

- 

- 

1.8 

V 

Tp = 25°C, Is = 3.0A, Vqs = OV 

t^f Reverse Recovery Time 

ALL 

- 

350 

- 

ns 

Tj = 150°C, Ip = 3.5A, dlp/dt - lOOAZ/xs 

Qrr Reverse Recovered Charge 

ALL 

- 

2.3 

- 

fiC 

Tj = 150°C, Ip = 3.5A, dip/dt = 100A//iS 

tpp Forward Turn-on Time 

ALL 

Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Ls + Lp. j 


0Tj = 25°C to 1 50®C. (5) Pulse Test: Pulse width < SOOns, Duty Cycle < 2%. (^Repetitive Rating: Pulse width limited 

by max. junction temperature. 

See Transient Thermal Impedance Curve (Fig. 5). 


Fig, 1 — Typical Output Characteristics 
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Fig. 3 — Typical Saturation Characteristics 
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Fig. 4 — Maximum Safe Operating Area 
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ZthJC«)/RthJC. normalized effective transient 

THERMAL IMPEDANCE (PER UNIT) 


UFNF220 UFNF221 UFNF222 UFNF223 


Fig. 5 — Maximum Effective Transient Thermal Impedance, Junction-to-Case Vs. Pulse Duration 




Fig. 6 — Typical Transconductance Vs. Drain Current 



Fig. 8 — Breakdown Voltage Vs. Temperature 
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UFNF220 UFNF221 UFNF222 UFNF223 


Fig. 10 — Typical Capacitance Vs. Drain-to-Source Voltage 



Vos, drain to source voltage (VOLTS) 

Fig. 12 — Typical On-Resistance Vs. Drain Current 
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Iq, grain CURRENT (AMPERES) 
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Qg, TOTAL GATE CHARGE (nC) 

Fig. 13 — Maximum Drain Current Vs. Case Temperature 
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Tc, CASE TEMPERATURE (OC) 


Fig. 14 — Power Vs. Temperature Derating Curve 
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UFNF220 UFNF221 UFNF222 UFNF223 


Fig. 15 — Clamped Inductive Test Circuit 


Fig. 16 — Clamped Inductive Waveforms 




Fig. 17 — Switching Time Test Circuit 



Fig. 18 — Gate Charge Test Circuit 
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POWER MOSFET TRANSISTORS 

200 Volt, 0.4 Ohm 
N-Channel 


UFNF230 

UFNF231 

UFNF232 

UFNF233 


FEATURES 

• Fast Switching 

• Low Drive Current 

• Ease of Paralleling 

• No Second Breakdown 

• Excellent Temperature Stability 


DESCRIPTION 

The Unitrode power MOSFET design utilizes the most advanced technology available. 
This efficient design achieves a very low Roston) and a high transconductance. 

The Unitrode power MOSFET features all of the advantages of MOS technology such as 
voltage control, freedom from second breakdown, very fast switching speeds, and 
thermal stability. 

These power MOSFETS are ideally suited for many high-speed, high-power switching 
applications such as switching power supplies, motor controls, and wide-band and 
audio amplifiers. 


PRODUCT SUMMARY 


Part Number 

Vds 

RDS(on) 

Id 

UFNF230 

200V 

o.4n 

5.5A 

UFNF231 

150 V 

0.40 

5.5A 

UFNF232 

200V 

0.60 

4.5A 

UFNF233 

150 V 

0.60 

4.5A 


MECHANICAL SPECIFICATIONS 



TO-205AD (TO-39) 
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UFNF230 UFNF231 UFNF232 UFNF233 


ABSOLUTE MAXIMUM RATINGS 


Parameter 

UFNF230 

UFNF231 

UFNF232 

UFNF233 

Units 

Vqs Drain — Source Voltage ® 

200 

150 

200 

150 

V 

Vqgr Drain - Gate Voltage (Rqs = 1 Mil) ® 

200 

150 

200 

150 

V 

Id @ Tq = 25°C Continuous Drain Current 

5.5 

5.5 

4.5 

4.5 

A 

Idm Pulsed Drain Current (3) 

22 

22 

18 

18 

A 

Vqs ” Source Voltage 

±20 

V 

Pd @ ^C ~ 25®C Max. Power Dissipation 

25 (See Fig. 14) 

W 

Linear Derating Factor 

0.2 (See Fig. 14) 

W/K 

iLfy/l Inductive Current, Clamped 

(See Fig. 1 5 and 1 6) L = 1 0O/xH 

22 1 22 1 18 1 18 

A 

Tj Operating Junction and 

Tg^g Storage Temperature Range 

-55 to 150 

°C 

Lead Temperature 

300 (0.063 in. ( 1 .6mm) from case for 1 0s) 

°C 


ELECTRICAL CHARACTERISTICS @ Tq = 25°C (Unless otherwise specified) 


1 Parameter 

Type 

Min. 

Typ. 

Max. 

Units 

Test Conditions 

bvdss 

Drain — Source Breakdown Voltage 

UFNF230 

UFNF232 

200 

- 

- 

V 

Vqs = OV 




UFNF231 

UFNF233 

150 

- 

- 

V 

Id = 250mA 


1 ^GS(th) G3le Threshold Voltage 

ALL 

2.0 

- 

4.0 

V 

Vds = Vqs, Id = 250mA 

•gss 

Gate — Source Leakage Forward 

ALL 

- 

- 

100 

nA 

Vqs = 20V 

'gss 

Gate — Source Leakage Reverse 

ALL 

- 

- 

-100 

nA 

Vqs = -20V 

>DSS 

Zero Gate Voltage Drain Current 

ALL 

- 

- 

250 

aA 

Vqs ^ Max. Rating, Vqq 

= OV 



- 

- 

1000 

aA 

Vqs “ Max. Rating x 0.8, Vqq - OV, Tq = 1 25°C 

*D(on) 

On-State Dram Current @ 

UFNF230 

UFNF231 

5.5 

- 

- 

A 




UFNF232 

UFNF233 

4.5 

- 

- 

A 



PDS(on) 

Static Drain — Source On-State 
Resistance (2) 

UFNF230 

UFNF231 

- 

0.25 

0.4 

n 

Vq5 = 10V, Iq = 3.0A 



UFNF232 

UFNF233 

- 

0.4 

0.6 

n 

gfs 

Forward Transconductance 

ALL 

2.5 

4.5 

- 

S(15) 

Vds > 'D(on) PDS(on) max.- 'D == 3 0A 

Giss 

Input Capacitance 

ALL 

- 

600 

800 

PF 

Vqs - 0V,Vds - 25V, f 
See Fig. 1 0 

= 1.0 MHz 

Gqss 

Output Capacitance 

ALL 

- 

250 

450 

PF 

Grss 

Reverse Transfer Capacitance 

ALL 

- 

80 

150 

pF 


^d(on) 

Turn-On Delay Time 

ALL 

- 

- 

30 

ns 

Vdd = 90V, Id = 3.0A, Zq - 1 50 

tr 

Rise Time 

ALL 

- 

- 

50 

ns 

See Fig. 17 


^d(off) 

Turn-Off Delay Time 

ALL 

- 

- 

50 

ns 

(MOSFET switching times are essentially 

tf 

Fall Time 

ALL 

- 

- 

40 

ns 

independent of operating temperature.) 

Qg 

Total Gate Charge 
(Gate-Source Plus Gate-Drain) 

ALL 

- 

19 

30 

nC 

Vqs = 10V, Id = 1 1 A, Vds = 0.8V Max. Rating. 

See Fig. 1 8 for test circuit. (Gate charge is essentially 

Qgs 

Gate-Source Charge 

ALL 

- 

10 

- 

nC 

independent of operating temperature.) 

Qgd 

Gate-Drain ("Miller") Charge 

ALL 

- 

9.0 

- 

nC 



Ld 

Internal Drain Inductance 

ALL 


5.0 


nH 

Measured from the 
drain lead, 5mm 
(0.2 in.) from header 
to center of die. 

Modified MOSFET 
symbol showing the 
internal device 
inductances. 

LS 

Internal Source Inductance 

ALL 


15 

1 


Measured from the 
source lead, 5mm 
(0.2 in.) from header 
to source bonding 
pad. 



THERMAL RESISTANCE 


RthJC 

Junction-to-Case 

ALL 

- 

- 

5.0 

K/W 


PthJA 

Junction-to-Ambient 

ALL 

- 

- 

175 

K/W 

Free Air Operation 
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UFNF230 UFNF231 UFNF232 UFNF233 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


Is Continuous Source Current 

(Body Diode) 


*SM Pulse Source Current 
(Body Diode) (D 


UFNF230 

UFNF231 


UFNF232 

UFNF233 


UFNF230 

UFNF231 


UFNF232 

.UFNF233 


Modified MOSFET symbol 
showing the integral 
reverse P-N junction rectifier. 




VsD Diode Forward Voltage ( 


UFNF230 

UFNF231 


Tc = 25°C, Is = 5.5A, Vqs = OV 


UFNF232 

UFNF233 


Tc = 25°C, Is = 4.5A, Vqs = OV 


Reverse Recovery Time 


Tj = 150*^C, Ip = 5.5A, dlp/dt = lOOA/jiS 


Qrr Reverse Recovered Charge 


3.0 


(iC 


Tj = 150 °C,If = 5.5A, dlp/dt = 100 A/ms 


Forward Turn-on Time 


Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Ls + Lp. 


0Tj = 25®C to 1 50°C. ©Pulse Test: Pulse width < 300/xs, Duty Cycle < 2%. 


(©Repetitive Rating: Pulse width limited 
by max. junction temperature. 

See Transient Thermal Impedance Curve (Fig. 5). 


Fig. 1 — Typical Output Characteristics 



Vus, drain to source voltage (VOLTS) 


Fig, 3 — Typical Saturation Characteristics 



Vds. DRAIN TO source VOLTAGE (VOLTS) 


Fig. 2 — Typical Transfer Characteristics 



0 1 2 3 4 5 6 7 


Vqs. GATE TO-SOURCE VOLTAGE (VOLTS) 


Fig. 4 — Maximum Safe Operating Area 



1.0 2 5 10 20 50 100 200 500 


VqS, DRAIN-TO-SOURCE voltage (VOLTS) 
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ZthJC«)/RthJC. normalized EFFECTIVE TRANSIENT 
THERMAL IMPEDANCE {PER UNIT) 


UFNF230 UFNF231 UFNF232 UFNF233 



ti. SQUARE WAVE PULSE DURATION (SECONDS) 



Fig. 6 — Typical Transconductance Vs. Drain Current 


Fig. 7 — Typical Source'Drain Diode Forward Voltage 




Vsd.SOURCE-TO-DRAIN voltage (VOLTS) 




Tj, JUNCTION TEMPERATURE (OC) 


Tj, JUNCTION TEMPERATURE (<>0 
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UFNF230 UFNF231 UFNF232 UFNF233 



0 10 20 30 40 50 

Vqs, drain TO-SOURCE voltage (VOLTS) 

Fig. 12 — Typical On-Resistance Vs. Drain Current 



0 10 20 30 40 

Iq, drain current (AMPERES) 


Fig. 11 — Typical Gate Charge Vs. Gate-to-Source Voltage 



Qg, TOTAL GATE CHARGE (nC) 

Fig. 13 — Maximunf) Drain Current Vs. Case Temperature 



Tc, CASE TEMPERATURE (OC) 



0 20 40 60 80 100 120 140 

Tc.CASE TCMPFRATURE(OC) 
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UFN230 UFN231 UFN232 UFN233 


Fig. 15 — Clamped Inductive Test Circuit 


Fig. 16 — Clamped Inductive Waveforms 




Fig. 17 — Switching Time Test Circuit 



Fig. 18 - Gate Charge Test Circuit 
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POWER MOSFET TRANSISTORS 

400 Volt, 3.6 Ohm 


UFNF310 

UFNF311 

UFNF312 

UFNF313 


FEATURES 

• Fast Switching 

• Low Drive Current 

• Ease of Paralleling 

• No Second Breakdown 

• Excellent Temperature Stability 


DESCRIPTION 

The Unitrode power MOSFET design utilizes the most advanced technology available. 
This efficient design achieves a very low Roscon) and a high transconductance. 

The Unitrode power MOSFET features all of the advantages of MOS technology such as 
voltage control, freedom from second breakdown, very fast switching speeds, and 
thermal stability. 

These power MOSFETS are ideally suited for many high-speed, high-power switching 
applications such as switching power supplies, motor controls, and wide-band and audio 
amplifiers. 


PRODUCT SUMMARY 


Part Number 

Vds 

RDS(on) 

Id 

UFNF310 

400V 

3.60 

1.35A 

UFNF311 

350V 

3.60 

1.35A 

UFNF312 

400V 

5.00 

1.15A 

UFNF313 

350V 

5.00 

1.15A 


MECHANICAL SPECIFICATIONS 



TO-205AD (TO-39) 
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UFNF310 UFNF311 UFNF312 UFNF313 


ABSOLUTE MAXIMUM RATINGS 


Parameter 

UFNF310 

UFNF311 

UFNF312 

UFNF313 

Units 

'^DS 

Drain — Source Voltage ® 

400 

350 

400 

350 

V 

^DGR 

Drain - Gate Voltage (Rqs = ^ ® 

400 

350 

400 

350 

V 

Id@Tc = 25°C 

Continuous Drain Current 

1.35 

1.35 

1.15 

1.15 

A 

•dm 

Pulsed Drain Current 

5.5 

5.5 

4.5 

4.5 

A 

Vgs 

Gate — Source Voltage 

±20 

V 

Pd@Tc = 25«C 

Max. Power Dissipation 

15 (See Fig. 14) 

W 

Linear Derating Factor 

0.12 (See Fig. 14) 

W/K 

•lm 

Inductive Current, Clamped 

5.5 

(See Fig. 1 5 and 1 6) L = 1 00/xH 
5.5 1 4.5 

4.5 

A 

Tj 

^stg 

Operating Junction and 

Storage Temperature Range 

-55 to 150 

°C 

Lead Temperature 

300 (0.063 in. ( 1 .6mm) from case for 1 0s) 

°C 


ELECTRICAL CHARACTERISTICS @ TC = 25^ (Unless otherwise specified) 


1 Parameter 

Type 

Min. 

Typ. 

Max. 

Units 

Test Conditions 

BVdss 

Drain — Source Breakdown Voltage 

UFNF310 

UFNF312 

400 

- 

- 

V 

Vgs = ov 




UFNF311 

UFNF313 

350 

- 

- 

V 

Iq = 250/xA 


1 ''^GS(th) Gate Threshold Voltage 

ALL 

2.0 

- 

4.0 

V 

Vds = Vgs. 'd = 250mA 

•gss 

Gate — Source Leakage Forward 

ALL 

- 

- 

100 

nA 

Vgs = 20V 

•gss 

Gate — Source Leakage Reverse 

ALL 

- 

- 

-100 

nA 

Vgs = -20V 

•dss 

Zero Gate Voltage Drain Current 

ALL 

- 

- 

250 


VqS ~ IVIax. Rating, Vgs 

= OV 1 




- 

1000 

mA 

VdS ^ Bating x 0.8, Vgs “ OV, Tq = 1 25°C | 

•D(on) 

On-State Drain Current (2) 

UFNF310 

UFNF311 

1.35 

- 


A 

VdS > 'Dion) BDS(on) m 

ax.. Vgs = lov 



UFNF312 

UFNF313 

1.15 

- 

- 

A 

RDS(on) 

Static Drain — Source On-State 
Resistance (5) 

UFNF310 

UFNF311 

- 

3.3 

3.6 

n 

Vgs = '•OV, Ip = 0.8A 



UFNF312 

UFNF313 

- 

3.6 

5.0 

n 

Qfs 

Forward Transconductance (5) 

ALL 

0.5 

1.2 

- 

S(U) 

VdS > 'D(on) X RDS(on) max.- 'd = 0.8A 

^iss 

Input Capacitance 

ALL 

- 

135 

150 

pF 

Vgs = ov, Vps = 25v, 

See Fig. 10 

= 1.0 MHz 

^oss 

Output Capacitance 

ALL 

- 

35 

50 

PF 

•-rss 

Reverse Transfer Capacitance 

ALL 

- 

8.0 

15 

pF 


^d(on) 

Turn-On Delay Time 

ALL 

- 

3.0 

10 

ns 

Vqd "" 0.5 BVqsS' 'D = 

0.8A, Zq = 500 

tr 

Rise Time 

ALL 

- 

10 

20 

ns 

See Fig. 1 7 


td(off) 

Turn-Off Delay Time 

ALL 

- 

* 5.0 

10 

ns 

(MOSFET switching times are essentially 

tf 

Fall Time 

ALL 

- 

! 8.0 

15 

ns 

independent of operating temperature.) 

Qg 

Total Gate Charge 
(Gate-Source Plus Gate-Drain) 

ALL 

- 

6.0 

7.5 

nC 

1 

Vgs = lOV, Ip =2.0A, Vps = 0.8V Max. Rating. 

See Fig. 1 8 for test circuit. (Gate charge is essentially 

Qgs 

Gate-Source Charge 

ALL 

- 

3.0 

- 

nC 

independent of operating temperature.) 

Qgd 

Gate-Drain ("Miller") Charge 

ALL 

- 

3.0 

- 

nC 



Ld 

Internal Drain Inductance 

ALL 




nH 

Measured from the 
drain lead, 5mm 
(0.2 in.) from header 
to center of die. 

Modified MOSFET 
symbol showing the 
internal device 
inductances. 

LS 

Internal Source Inductance 


■ 

15 


nH 

Measured from the 
source lead, 5mm 
(0.2 in.) from header 
to source bonding 
pad. 



THERMAL RESISTANCE 


RthJC 

Junction-to-Case 

ALL 

- 

- 

8.33 

K/W 


BthJA 

Junction-to-Ambient 

ALL 

- 

- 

175 

K/W 

Free Air Operation 
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UFNF310 UFNF311 UFNF312 UFNF313 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


Is Continuous Source Current 

(Body Diode) 

UFNF310 

UFNF311 

- 

- 

1.35 

A 

Modified MOSFET symbol 
showing the integral 
reverse P-N junction rectifier. 

UFNF312 

UFNF313 

- 

- 

1.15 

A 

'SM Pulse Source Current 

(Body Diode) © 

UFNF310 

UFNF311 

- 

- 

5.5 

A 

UFNF312 

UFNF313 

- 

- 

4.5 

A 

VsD Diode Forward Voltage © 

UFNF310 

UFNF311 

- 

- 

1.6 

V 

Tc = 25°C, Is = 1 .35A, Vqs = OV 

UFNF312 

UFNF313 

- 

- 

1.5 

V 

Tc = 25°C, Is = 1.1 5A, Vqs = OV 

trr Reverse Recovery Time 

ALL 

- 

380 

- 

ns 

Tj = 150°C, Ip = 1.35A, dlp/dt = 100A//iS 

Qrr Reverse Recovered Charge 

ALL 

- 

2.7 

- 

fiC 

Tj = 150°C, Ip = 1.35A, dip/dt = 100A//xs 

tgn Forward Turn-on Time 

ALL 

Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Ls + Lq. | 


0Tj = 25°C to 1 50°C. ©Pulse Test: Pulse width < SOOfxs, Duty Cycle < 2%. ©Repetitive Rating: Pulse width limited 

by max. junction temperature. 

See Transient Thermal Impedance Curve (Fig. 5). 


Fig. 1 — Typical Output Characteristics 



0 20 40 60 80 100 

VqS, DRAIN-TO source voltage (VOLTS) 



0 2 4 6 8 10 

Vqs. GATE-TO SOURCE voltage (VOLTS) 




1 0 2 5 10 20 50 100 200 500 


Vq5 drain to source voltage (VOLTS) 
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BVqss, drain-to-source breakdown voltage 

(NORMALIZED) gfs, TRANSCONDUCTANCE (SIEMENS) 


UFNF310 UFNF311 UFNF312 UFNF313 


Fig. 5 — Maximum Effective Transient Thermal Impedance, Junction-to-Case Vs. Pulse Duration 



10-3 2 5 10-2 2 5 iq-I 

ti.SQUARE WAVE PULSE DURATION (SECONDS) 


Fig. 6 — Typical Transconductance Vs. Drain Current 



\ q . drain CURRENT (AMPERES) 



Vso, SOURCE TO ORAIN VOLTAGE (VOLTS) 
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UFNF310 UFNF311 UFNF312 UFNF313 



0 10 20 30 40 50 

Vos. drain TO SOURCE VOLTAGE (VOLTS) 


Fig. 11 — Typical Gate Charge Vs. Gate-to-Source Voltage 



0 2 4 6 8 10 

Qg, TOTAL GATE CHARGE (nC) 



0 1 2 3 4 5 6 7 


Fig. 13 — Maximum Drain Current Vs. Case Temperature 



Iq, drain CURRENT (AMPERES) 


Tc, CASE TEMPERATURE (OC) 


Fig. 14 — Power Vs. Temperature Derating Curve 



0 20 40 60 80 100 120 140 


Tc, CASE TEMPERATURE (OC) 
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UFNF310 UFNF311 UFNF312 UFNF313 



Fig. 15 - Clamped Inductive Test Circuit 


Fig. 16 - Clamped Inductive Waveforms 



Ei=0.5BVoss EC = 0”8Voss 


Ec 



Fig. 17 — Switching Time Test Circuit 



Fig. 18 - Gate Charge Test Circuit 



UNITRODE CORPORATION • 5 FORBES ROAD 
LEXINGTON, MA 02173 • TEL. (617) 861-6540 
TWX (710) 326-6509 • TELEX 95-1064 


4-279 


PRINTED IN U.S.A 



POWER MOSFET TRANSISTORS 

400 Volt, 1.8 Ohm 


UFNF320 

UFNF321 

UFNF322 

UFNF323 


FEATURES 

• Fast Switching 

• Low Drive Current 

• Ease of Paralleling 

• No Second Breakdown 

• Excellent Temperature Stability 


DESCRIPTION 

The Unitrode power MOSFET design utilizes the most advanced technology available. 
This efficient design achieves a very low RDS(on) and a high transconductance. 

The Unitrode power MOSFET features all of the advantages of MOS technology such as 
voltage control, freedom from second breakdown, very fast switching speeds, and 
thermal stability. 

These power MOSFETS are ideally suited for many high-speed, high-power switching 
applications such as switching power supplies, motor controls, and wide-band and audio 
amplifiers. 


PRODUCT SUMMARY 


Part Number 

Vds 

RDS(on) 

Id 

UFNF320 

400V 

1.8Q 

2.5A 

UFNF321 

350V 

i.8n 

2.5A 

UFNF322 

400V 

2.50 

2.0A 

UFNF323 

350V 

2.50 

2.0A 


MECHANICAL SPECIFICATIONS 



TO-205AD (TO-39) 
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UFNF320 UFNF321 UFNF322 UFNF323 


ABSOLUTE MAXIMUM RATINGS 


Parameter 

UFNF320 

UFNF321 

UFNF322 

UFNF323 

Units 

Vqs Drain — Source Voltage © 

400 

350 

400 

350 

V 

Vqgr Drain — Gate Voltage ( 8(35 = 1 Mil) © 

400 

350 

400 

350 

V 

•d @ ~ 25°C Continuous Drain Current 

2.5 

2.5 

2.0 

2.0 

A 

lOf^ Pulsed Drain Current (© 

10 

10 

8.0 

8.0 

A 

Vq 3 Gate — Source Voltage 

±20 

V 

Pq @ ^C = 25 °C Max. Power Dissipation 

20 (See Fig. 14) 

W 

Linear Derating Factor 

0.1 6 (See Fig. 14) 

W/K 

Ilm Inductive Current, Clamped 

(See Fig. 1 5 and 1 6) L = 1 0OfiH 

10 1 10 1 8.0 1 8.0 

A 

T j Operating Junction and 

Tg^g Storage Temperature Range 

-55 to 150 

°C 

Lead Temperature 

300 (0.063 in. ( 1 . 6 mm) from case for 10s) 

°C 


ELECTRICAL CHARACTERISTICS (ffi TC = 25^ (Unless otherwise specified) 


1 Parameter 

Type 

Min. 

Typ. 

Max. 

Units 

Test Conditions 

bvdss 

Drain — Source Breakdown Voltage 

UFNF320 

UFNF322 

400 

- 

- 

V 

Vgs = ov 




UFNF321 

UFNF323 

350 

- 

- 

V 

Iq = 250/xA 


1 ^GS(th) Threshold Voltage 

ALL 

2.0 

- 

4.0 

V 

Vds = Vqs. Id = 250mA 

•gss 

Gate — Source Leakage Forward 

ALL 

- 

- 

100 

nA 

Vgs - 20V 

•gss 

Gate — Source Leakage Reverse 

ALL 

- 

- 

-100 

nA 

Vqs = - 20 V 

'dss 

Zero Gate Voltage Drain Current 

ALL 

- 

- 

250 

aA 

Vqs = Max. Rating, Vq 5 

= OV 



- 

- 

1000 

^A 

Vqs = Max. Rating x 0.8, Vqs = OV, Jq = 1 25°C 

*D(on) 

On-State Drain Current (5) 

UFNF320 

UFNF321 

2.5 

- 

- 

A 

'^DS > 'D(on) X PDS(on) m 

ax.<VGS= 10 V 



UFNF322 

UFNF323 

2.0 

- 

- 

A 

PDS(on) 

Static Drain — Source On-State 
Resistance © 

UFNF320 

UFNF321 

- 

1.5 

1.8 

n 

Vqs = lOV, Iq = 1.25A 



UFNF322 

UFNF323 

- 

1.8 

2.5 

n 

Ofs 

Forward Transconductance © 

ALL 

1.0 

2.0 

- 

S(U) 

^DS > 'D(on) ^ RDS(on) max.- 'd = ^ ^SA 

^iss 

Input Capacitance 

ALL 

- 

450 

600 

PF 

VGS-0V,VQs=25V,f 
See Fig. 10 

= 1.0 MHz 

^oss 

Output Capacitance 

ALL 

- 

100 

200 

pF 

Crss 

Reverse Transfer Capacitance 

ALL 

- 

20 

40 

pF 


^d(on) 

Turn-On Delay Time 

ALL 

- 

20 

40 

ns 

Vqq = 0.5 BVqss- Id = 

2 . 0 A, Zq = 5on 

tr 

Rise Time 

ALL 

- 

25 

50 

ns 

See Fig. 1 7 


td(off) 

Turn-Off Delay Time 

ALL 

- 

50 

100 

ns 

(MOSFET switching times are essentially 

tf 

Fall Time 

ALL 

- 

25 

50 

ns 

independent of operating temperature.) 

Og 

Total Gate Charge 
(Gate-Source Plus Gate-Drain) 

ALL 

- 

12 

15 

nC 

Vqs = 10V, Iq =5.0A, Vqs = 0.8V Max. Rating. 

See Fig. 1 8 for test circuit. (Gate charge is essentially 


Gate-Source Charge 

ALL 

- 

6.0 

- 

nC 

independent of operating temperature.) 

^gd 

Gate-Drain ("Miller”) Charge 

ALL 

- 

6.0 

- 

nC 



Ld 

Internal Drain Inductance 

ALL 


5.0 


nH 

Measured from the 
drain lead, 5mm 
( 0.2 in.) from header 
to center of die. 

Modified MOSFET 
symbol showing the 
internal device 
inductances. 

Ls 

Internal Source Inductance 

ALL 


* 15 


nH 

Measured from the 
source lead, 5mm 
( 0.2 in.) from header 
to source bonding 
pad. 



THERMAL RESISTANCE 


RthJC 

Junction-to-Case 

ALL 

- 

- 

1 6.25 

1 K/W 1 


RthJA 

Junction-to-Ambient 

ALL 

- 

- 


IQQIIII 

Free Air Operation 
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UFNF320 UFNF321 UFNF322 UFNF323 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


Is Continuous Source Current 

(Body Diode) 

UFNF320 

UFNF321 

- 

- 

2.5 

A 

Modified MOSFET symbol 
showing the integral 
reverse P-N junction rectifier. 

o 

UFNF322 

UFNF323 

- 

- 

2.0 

A 

*SM Pulse Source Current 

(Body Diode) © 

UFNF320 

UFNF321 

- 

- 

10 

A 

UFNF322 

UFNF323 

- 

- 

8.0 

A 

VsQ Diode Forward Voltage © 


- 

- 


V 

Tc = 25°C, Is = 2.5A, Vqs = OV 


- 

- 



Tc = 25°C, Is = 2.0A, Vqs = OV 

tfr _ Reverse Recovery Time 

ALL 

- 

IQQI 

- 

ns 

Tj = 150°C, Ip = 2.5A, dlp/dt = lOOA/^s 

Qrr Reverse Recovered Charge 

ALL 

- 

3.1 

- 

fiC 

Tj = 150°C, Ip = 2.5A,dlp/dt = ^00A/^xS 

ton Forward Turn-on Time 

ALL 

Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Ls + Lq. | 


0Tj = 25®C to 1 50°C. (DPulse Test: Pulse width < 300jus, Duty Cycle < 2%. ©Repetitive Rating: Pulse width limited 

by max. junction temperature. 

See Transient Thermal Impedance Curve (Fig. 5). 


Fig. 1 — Typical Output Characteristics 



0 4 8 12 16 20 

Vqs, drain to source voltage (VOLTS) 



0 1 2 3 4 5 6 

Vqs. gate to source voltage (VOLTS) 


Fig. 3 — Typical Saturation Characteristics 


Fig. 4 — Maximum Safe Operating Area 



Vqs, drain TO SOURCE voltage (VOLTS) 
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UFNF320 UFNF321 UFNF322 UFNF323 


Fig. 5 — Maximum Effective Transient Thermal Impedance, Junction-to-Case Vs. Pulse Duration 



Fig. 


6 — Typical Transconductance Vs. Drain Current 



Fig. 7 — Typical Source-Drain Diode Forward Voltage 



0 12 3 4 

VsD. SOURCE TO DRAIM VOLTAGE (VOLTS! 


Fig. 8 — Breakdown Voltage Vs. Temperature 



-40 0 40 80 120 160 

Tj JUNCTION TEMPERATURE U’C) 



-40 0 40 80 120 160 

Tj. JUNCTION TEMPERATURE (OC) 
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UFNF320 UFNF321 UFNF322 UFNF323 


Fig. 10 — Typical Capacitance Vs. Drain -to-Source Voltage 


Fig. 11 — Typical Gate Charge Vs. Gate-to-Source Voltage 




0 4 8 12 16 20 

Qg, TOTAL GATE CHARGE (nC) 


Fig. 12 — Typical On-Resistance Vs. Drain Current 


Fig. 13 — Maximum Drain Current Vs. Case Temperature 



0 2 4 6 8 10 12 


Iq, drain current (AMPERES) 
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Fig. 14 — Power Vs. Temperature Derating Curve 
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UFNF320 UFNF321 UFNF322 UFNF323 



Fig, 15 - Clamped Inductive Test Circuit 


Fig. 16 — Clamped Inductive Waveforms 



Ei=0.5BVdss Ec = 0.75BVqss 


Ec 



Fig. 17 — Switching Time Test Circuit 



Fig. 18 — Gate Charge Test Circuit 
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POWER MOSFET TRANSISTORS 

400 Volt, 1.0 Ohm 


UFNF330 

UFNF331 

UFNF332 

UFNF333 


FEATURES 

• Fast Switching 

• Low Drive Current 

• Ease of Paralleling 

• No Second Breakdown 

• Excellent Temperature Stability 


DESCRIPTION 

The Unitrode power MOSFET design utilizes the most advanced technology available. 
This efficient design achieves a very low Roscon) and a high transconductance. 

The Unitrode power MOSFET features all of the advantages of MOS technology such as 
voltage control, freedom from second breakdown, very fast switching speeds, and 
thermal stability. 

These power MOSFETS are ideally suited for many high-speed, high-power switching 
applications such as switching power supplies, motor controls, and wide-band and audio 
amplifiers. 


PRODUCT SUMMARY 


Part Number 

Vds 

RDS(on) 

Id 

UFNF330 

400V 

l.OQ 

3.5A 

UFNF331 

350V 

i.on 

3.5A 

UFNF332 

400V 

1.5Q 

3.0A 

UFNF333 

350V 

I.5n 

3.0A 


MECHANICAL SPECIFICATIONS 


UFNF330 UFNF331 UFNF332 UFNF333 



70 (0 60) 


u 


Alt Dimensions in Millimeters and (Inches) 


TO-205AD (TO-39) 
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UFNF330 UFNF331 UFNF332 UFNF333 


ABSOLUTE MAXIMUM RATINGS 


Parameter 

UFNF330 

UFNF331 

UFNF332 

UFNF333 

Units 

Vqs Drain — Source Voltage 0 

400 

350 

400 

350 

V 

Vqqr Drain — Gate Voltage (R (35 = 1 MQ) 0 

400 

350 

400 

350 

V 

Iq @ Tq = 25°C Continuous Drain Current 

3.5 

3.5 

3.0 

3.0 

A 

Pulsed Drain Current 0 

14 

14 

12 

12 

A 

Vqs Gate — Source-Voltage 

±20 

V 

Pq @ "^C “ 25°C Max. Power Dissipation 

25 (See Fig. 14} 

W 

Linear Derating Factor 

0.2 (See Fig. 14) 

W/K 

Ili^I Inductive Current, Clamped 

(See Fig. 15and 16)L = lOO^H 

14 1 14 1 12 1 12 

A 

Tj Operating Junction and 

Tg^g Storage Temperature Range 

-55 to 150 

°C 

Lead Temperature 

300 (0.063 in. ( 1 .6mm) from case for 1 0s) 

°C 


ELECTRICAL CHARACTERISTICS @ TC = 25^C (Unless otherwise specified) 


1 Parameter 

Type 

Mm. 

Typ. 

Max. 

Units 

Test Conditions 

BVpsS 

Drain — Source Breakdown Voltage 

UFNF330 

UFNF332 

400 

- 

- 

V 

Vqs = OV 




UFNF331 

UFNF333 

350 

- 

- 

V 

Iq = 250fiA 


VGS(th) 

Gate Tftresfiold Voltage 

ALL 

2.0 

- 

4.0 

V 

VdS = Vqs- 'd = 250;xA 

'gss 

Gate — Source Leakage Forward 

ALL 

- 

- 

100 

nA 

Vqs = 20V 

•gss 

Gate — Source Leakage Reverse 

ALL 

- 

- 

-100 

nA 

Vqs = -20V 

•dss 

Zero Gate Voltage Drain Current 


- 

- 

250 

aA 

Vqs ~ Rap'^9' Vqs 

= OV 1 



ALL 

- 

- 

1000 


Vqs = Max. Rating x 0.8, Vqs = OV, Tq = 1 25°C | 

'D(on) 

On-State Drain Current 0 

UFNF330 

UFNF331 

3.5 


- 

A 

VdS > 'D(on) X RDS(on) m 

ax.. Vqs = 10V 



UFNF332 

UFNF333 

3.0 

- 

- 

A 

PDS(on) 

Static Drain — Source On-State 
Resistance 0 

UFNF330 

UFNF331 


0.8 

1 .0 

Q 

Vqs = lOV, Iq = 2.0A 



UFNF332 

UFNF333 

- 

1.0 

1.5 

0 

gfs 

Forward Transconductance 0 

ALL 

2.0 

3.5 

- 

S(U) 

Vqs > 'D(on) ^DSIon) max.- 'd = 2.0A 

^iss 

Input Capacitance 

ALL 

- 

700 

900 

pF 

Vqs = OV, Vqs = 25V, f 
See Fig. 10 

= 1.0 MHz 

^oss 

Output Capacitance 

ALL 

- 

150 

300 

pF 

^rss 

Reverse Transfer Capacitance 

ALL 

- 

40 

80 

pF 


^d(on) 

Turn-On Delay Time 

ALL 

- 

- 

30 

ns 

Vqq - 175V,Iq = 2.0A,Zo = 1 5Q 1 

tr 

Rise Time 

ALL 

- 

- 

35 

ns 

See Fig. 1 7 


td(off) 

Turn-Off Delay Time 

ALL 

- 

- 

55 

ns 

(MOSFET switching times are essentially 

tf 

Fall Time 

ALL 

- 

- 

35 

ns 

independent of operating temperature.) 

°g 

Total Gate Charge 
(Gate-Source Plus Gate-Dram) 

ALL 

- 

18 

30 

nC 

Vqs = lOV, Iq =7.0A, Vqs = 0.8V Max. Rating. 

See Fig. 1 8 for test circuit. (Gate charge is essentially 

Qgs 

Gate-Source Charge 

ALL 

— 

1 1 

- 

nC 

independent of operating temperature.) 

Qgd 

Gate-Drain ("Miller") Charge 

ALL 

- 

7.0 

- 

nC 



Ld 

Internal Dram Inductance 

1 

ALL 


5.0 


nH 

Measured from the 
drain lead, 5mm 
(0.2 in.) from header 
to center of die. 

Modified MOSFET 
symbol showing the 
internal device 
inductances. 

LS 

Internal Source Inductance 

ALL 


15 


nH 

Measured from the 
source lead, 5mm 
(0.2 in.) from header 
to source bonding 
pad. 



THERMAL RESISTANCE 


RthJC 

Junction-to-Case 

ALL 

- 

- 

5:0 

K/W 


RthJA 

Junction-to- Ambient 

ALL 

- 

- 

175 

K/W 

Free Air Operation 
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UFNF330 UFNF331 UFNF332 UFNF333 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


Is Continuous Source Current 

(Body Diode) 

UFNF330 

UFNF331 

- 

- 

3.5 

A 

Modified MOSFET symbol 
showing the integral 
reverse P-N junction rectifier. 

UFNF332 

UFNF333 

- 

- 

3.0 

A 

Ism Pulse Source Current 

(Body Diode) (0 

UFNF330 

UFNF331 

- 

- 

14 

A 

UFNF332 

UFNF333 

- 

- 

12 

A 

VsD Diode Forward Voltage (2) 

UFNF330 

UFNF331 

- 

- 

1.6 

V 

Tc = 25°C, Is = 3.5A, Vqs = OV 

UFNF332 

UFNF333 

- 

- 

1.5 

V 

Tc = 25°C, Is = 3.0A, Vqs = OV 

trr Reverse Recovery Time 

ALL 

- 

1^3! 

- 

ns 

Tj = 1 50°C , \f = 3.5A, dip/dt = IOOA/ms 

Qrr Reverse Recovered Charge 

ALL 

- 


- 

nC 

Tj = 150°C, Ip = 3.5A, dIp/dt = 100A//xs 

^on Forward Turn-on Time 

ALL 

Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Ls + Lp. | 


0Tj = 25°C to 1 50°C. (5)Pulse Test: Pulse width < 300jus, Duty Cycle < 2%. (3)Repetitive Rating: Pulse width limited 

by max. junction temperature. 

See Transient Thermal Impedance Curve (Fig. 5). 



0 50 too 150 200 250 300 

Vqs, drain to source voltage (VOLTS) 


Fig. 2 — Typical Transfer Characteristics 



0 1 2 3 4 5 6 7 

Vqs, GATE TO SOURCE voltage (VOLTS) 


Fig. 3 - Typical Saturation Characteristics 


Fig. 4 — Maximum Safe Operating Area 



0 2 4 6 8 10 

Vos. drain to source voltage (VOLTS) 



Vqs, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
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ZthJC<*>/RthJC. normalized EFFECTIVE TRANSIENT 
THERMAL IMPEDANCE (PER UNIT) 


UFNF330 UFNF331 UFNF332 UFNF333 


Fig. 5 — Maximum Effective Transient Thermal Impedance, Junction-to-Case Vs. Pulse Duration 



Fig. 6 - Typical Transconductance Vs. Dram Current Fig. 7 — Typical Source-Drain Diode Forward Voltage 



Fig. 8 - Breakdown Voltage Vs. Temperature Fig. 9 — Normalized On-Resistance Vs. Temperature 



-40 0 40 80 120 160 -40 0 40 80 120 160 

Tj JUNCTION TEMPERATURE |0C) - Tj, JUNCTION TEMPERATURE (<>0 
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Vqs, drain to source voltage 



0 5 10 15 20 

Iq, drain current (AMPER 


Fig. 
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UFNF330 UFNF331 UFNF332 UFNF333 



Fig, 15 — Clamped Inductive Test Circuit 


Fig. 16 — Clamped Inductive Waveforms 



Ei=0.5B\/oss Ec = O75BV0ss 



Fig. 17 — Switching Time Test Circuit 



Fig. 18 — Gate Charge Test Circuit 
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POWER MOSFET TRANSISTORS 

500 Volt, 3.0 Ohm 


UFNF420 

UFNF421 

UFNF422 

UFNF423 


FEATURES 

• Fast Switching 

• Low Drive Current 

• Ease of Paralleling 

• No Second Breakdown 

• Excellent Temperature Stability 

These power MOSFETS are ideally suited for many high-speed, high-power switching 
applications such as switching power supplies, motor controls, and wide-band and audio 
amplifiers. 


DESCRIPTION 

The Unitrode power MOSFET design utilizes the most advanced technology available. 
This efficient design achieves a very low RDS(on) and a high transconductance. 

The Unitrode power MOSFET features all of the advantages of MOS technology such as 
voltage control, freedom from second breakdown, very fast switching speeds, and 
thermal stability. 


PRODUCT SUMMARY 


Part Number 

Vds 

RDS(on} 

Id 

UFNF420 

500V 

3.00 

1.6A 

UFNF421 

450V 

3.00 

1.6A 

UFNF422 

500V 

4.00 

1.4A 

UFNF423 

450V 

4.00 

1.4A 


MECHANICAL SPECIFICATIONS 



TO-205AD (TO-39) 



UNITRODE 
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UFNF420 UFNF421 UFNF422 UFNF423 


ABSOLUTE MAXIMUM RATINGS 


[ Parameter 

UFNF420 

UFNF421 

UFNF422 

UFNF423 

Units 

VqS 

Drain — Source Voltage 0 

500 

450 

500 

450 

V 

Vdgr 

Dram — Gate Voltage (RqS = ^ ® 

500 

450 

500 

450 

V 

\0@TC = 25°C 

Continuous Drain Current 

1.6 

1.6 

1.4 

1.4 

A 

•dm 

Pulsed Drain Current 0 

6.5 

6.5 

5.5 

5.5 

A 

VqS 

Gate — Source Voltage 

±20 

V 

Pd @ I’c = 25°C 

Max. Power Dissipation 

20 (See Fig. 14) 

W 

Linear Derating Factor 

0.16 (See Fig. 14) 

W/K 

•lm 

Inductive Current, Clamped 

6.5 

(See Fig. 1 5 and 1 6) L = 1 00/xH 
6.5 1 5.5 

5.5 

A 

Tj 

^stg 

Operating Junction and 

Storage Temperature Range 

-55 to 150 

°C 

Lead Temperature 

300 (0.063 in. ( 1 .6mm) from case for 1 0s) 

°C 


ELECTRICAL CHARACTERISTICS @ TC = (Unless otherwise specified) 


1 Parameter 

Type 

Min. 

Typ. 

Max. 

Units 

Test Conditions 

BVqss 

Drain — Source Breakdown Voltage 

UFNF420 

UFNF422 

500 

- 

- 

V 

Vgs = ov 




UFNF421 

UFNF423 

450 

- 

- 

V 

lO = 250 mA 


1 ^GS(th) G^te Threshold Voltage 

ALL 

2.0 

- 

4.0 

V 

'^DS = '^GS' 'd = 250/iA 

'gss 

Gate — Source Leakage Forward 

ALL 

- 

- 

100 

nA 

Vgs = 20V 

'gss 

Gate — Source Leakage Reverse 

ALL 

- 

- 

-100 

nA 

Vgs = -20V 

'dss 

Zero Gate Voltage Drain Current 

ALL 

- 

- 

250 

,.A 

Vqs = Max. Rating, Vgs 

= OV 



- 

- 

1000 

nA 

Vqs = Max. Rating x 0.8, Vgs = OV, Tq = 1 25°C 

'D(on) 

On-State Drain Current (?) 

UFNF420 

UFNF421 

1.6 

- 

- 

A 

VdS > 'D(on) X RDS(on) m 

ax.'VGS= lOV 



UFNF422 

UFNF423 

1.4 

- 

- 

A 

PDS(on) 

Static Drain — Source On-State 
Resistance (?) 

UFNF420 

UFNF421 

- 

2.5 

3.0 

0 

Vgs = ■'OV, Iq = 1.0A 



UFNF422 

UFNF423 

- 

3.0 

4.0 

n 

gfs 

Forward Transconductance 0 

ALL 

1.0 

1.75 

- 

S(U) 

VdS > 'D(on) X PDS(on) max.' 'D = '' -OA 

^iss 

Input Capacitance 

ALL 

- 

300 

400 

PF 

Vgs = ov, Vqs = 25v, 
See Fig. 1 0 

= 1.0 MHz 

Coss 

Output Capacitance 

ALL 

- 

75 

150 

PF 

^rss 

Reverse Transfer Capacitance 

ALL 

- 

20 

40 



^d(on) 

Turn-On Delay Time 

ALL 

- 

30 

60 

1 

ns 

Vqq =“ 0.5 BVqss- 'd = 

.OA, Zq = 50Q 

tr 

Rise Time 

ALL 

- 

25 

50 

ns 

See Fig. 1 7 


td(off) 

Turn-Off Delay Time 

ALL 

- 

30 

60 

ns 

(MOSFET switching times are essentially 

tf 

Fall Time 

ALL 

- 

15 

30 

ns 

independent of operating temperature.) 

Qg 

Total Gate Charge 
(Gate-Source Plus Gate-Drain) 

ALL 

- 

1 1 

15 

nC 

Vqs = ^OV, Iq = 3.0A, Vqs = 0.8V Max. Rating. 

See Fig. 1 8 for test circuit. (Gate charge is essentially 

Qgs 

Gate-Source Charge 

ALL 

- 

5.0 

- 

nC 

independent of operating temperature.) 

Qgd 

Gate-Drain ("Miller”) Charge 

ALL 

- 

6.0 

- 

nC 



Ld 

Internal Drain Inductance 

ALL 


5.0 


nH 

Measured from the 
drain lead, 5mm 
(0.2 in.) from header 
to center of die. 

Modified MOSFET 
symbol showing the 
internal device 
inductances. 

LS 

Internal Source Inductance 

ALL 


15 

1 

nH 

Measured from the 
source lead, 5mm 
(0.2 in.) from header 
to source bonding 
pad. 



THERMAL RESISTANCE 


BthJC 

Junction-to-Case 

ALL 

- 

- 




BthJA 

Junction-to-Ambient 

ALL 

- 

- 

LulJ 

1 K/W 1 

[ Free Air Operation | 
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UFNF420 UFNF421 UFNF422 UFNF423 


SOURCE-DRAIN DIODE RAtiNGS AND CHARACTERISTICS 


Is Continuous Source Current 

(Body Diode) 

UFNF420 

UFNF421 

- 

- 

1.6 

A 

Modified MOSFET symbol 
showing the integral 
reverse P-N junction rectifier. 

UFNF422 

UFNF423 

- 

- 

1.4 

A 

*SM Pulse Source Current 

(Body Diode) (|) 

UFNF420 

UFNF421 

- 

- 

6.5 

A 

UFNF422 

UFNF423 

- 

- 

5.5 

A 

Vso Diode Forward Voltage (D 

UFNF420 

UFNF421 

- 

- 

1.4 

V 

Tc = 25°C, Is = 1 .6A, Vqs = OV 

UFNF422 

UFNF423 

- 

- 

1.3 

V 

Tc = 25°C, Is = 1-4A, Vqs = OV 

trr Reverse Recovery Time 

ALL 

- 

600 

- 

ns 

Tj = 150 °CJf = 1.6A, dlp/dt = lOOA/^is 

Qrr Reverse Recovered Charge 

ALL 

- 

3.5 

- 

IxC 

Tj = 1 50°C, Ip = 1 .6A, dlp/dt = 1 0OAZ/xs 

^on Forward Turn-on Time 

ALL 

Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Ls + Lq. | 


0T j = 25°Cto 150°C. (DPulseTest: Pulse width < SOO^iS, Duty Cycle < 2%. (D Repetitive Rating: Pulse width limited 

by max. junction temperature. 

See Transient Thermal Impedance Curve (Fig. 5). 


Fig. 1 — Typical Output Characteristics 
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0 50 100 150 200 250 

VqS. drain to-source voltage IVOLTS) 



0 2 4 6 8 10 

Vgs, GATE-TO SOURCE voltage (VOLTS) 



0 4 8 12 16 20 

Vqs, DRAIN-TO-SOURCE voltage (VOLTS) 


Fig. 4 — Maximum Safe Operating Area 



Vqs. drain TO-SOURCE VOLTAGE (VOLTS) 
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Z,hjc(t)/RthJC- normalized effective transient 

THERMAL IMPEDANCE (PER UNIT) 


UFNF420 UFNF421 UFNF422 UFNF423 



10-5 2 5 10-4 2 5 2 5 iq-Z 2 5 iq-I 2 5 ig 2 5 ig 

t], SQUARE WAVE PULSE DURATION (SECONDS) 


Fig. 6 — Typical Transconductance Vs. Drain Current 



Id, drain CURRENT (AMPERES) 


Fig. 7 — Typical Source-Drain Diode Forward Voltage 



0 12 3 4 

VsD, SOURCE TO-DRAIN VOLTAGE (VOLTS) 


Fig. 8 — Breakdown Voltage Vs. Temperature 



-40 0 40 80 120 160 

Tj, JUNCTION TEMPERATURE (“O 
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UFNF420 UFNF421 UFNF422 UFNF423 



0 10 20 30 40 50 

Vos.ORAIN TO-SOURCE VOLTAGE (VOLTS) 


Fig. 11 — Typical Gate Charge Vs. Gate-to-Source Voltage 



0 4 8 12 16 20 

Qg, TOTAL GATE CHARGE (nC) 



Iq, drain CURRENT (AMPERES) 


Fig. 13 — Maximum Drain Current Vs. Case Temperature 



Tc, CASE TEMPERATURE (<>0 



0 20 40 60 80 100 120 140 

Tc, CASE TEMPERATURE (OC) 
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UFNF420 UFNF421 UFNF422 UFNF423 



Fig. 15 - Clamped Inductive Test Circuit 


Fig. 16 — Clamped Inductive Waveforms 


VARY tp TO OBTAIN 
REQUIRED PEAK I, 



Ei=0.5BVoss Ec = 0.75BVdss 



Fig. 17 — Switching Time Test Circuit 



Fig. 18 — Gate Charge Test Circuit 
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POWER MOSFET TRANSISTORS 

500 Volt, 1.5 Ohm 
N-Channel 


UFNF430 

UFNF431 

UFNF432 

UFNF433 


FEATURES 

• Fast Switching 

• Low Drive Current 

• Ease of Paralleling 

• No Second Breakdown 

• Excellent Temperature Stability 


DESCRIPTION 

The Unitrode power MOSFET design utilizes the most advanced technology available. 
This efficient design achieves a very low RDS(on) and a high transconductance. 

The Unitrode power MOSFET features all of the advantages of MOS technology such as 
voltage control, freedom from second breakdown, very fast switching speeds, and 
thermal stability. 

These power MOSFETS are ideally suited for many high-speed, high-power switching 
applications such as switching power supplies, motor controls, and wide-band and 
audio amplifiers. 


PRODUCT SUMMARY 


Part Number 

Vds 

RDS(on) 

•d 

UFNF430 

500V 

i.5n 

2.75A 

UFNF431 

450V 

1.5Q 

2.75A 

UFNF432 

500V 

2.0Q 

2.25A 

UFNF433 

450V 

2.0Q 

2.25A 


MECHANICAL SPECIFICATIONS 


UFNF430 UFNF431 UFNF432 UFNF433 



5 08 (0 20) 


9 14 (0.36) 



All Dimensions in Millimeters and (Inches) 


TO-205AD (TO-39) 
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UNITRODE 





UFNF430 UFNF431 UFNF432 UFNF433 


ABSOLUTE MAXIMUM RATINGS 


Parameter 

UFNF430 

UFNF431 

UFNF432 

UFNF433 

Units 

^DS 

Dram — Source Voltage ® 

500 

450 

500 

450 

V 

'^DGR 

Drain — Gate Voltage (Rqs = ^ (5) 

500 

450 

500 

450 

V 

Id@Tc = 25°C 

Continuous Drain Current 

2.75 

2.75 

2.25 

2.25 

A 

'dm 

Pulsed Drain Current (5) 

1 1 

1 1 

9.0 

9.0 

A 

Vqs 

Gate — Source Voltage 

±20 

V 

Pd@Tc = 25°C 

Max. Power Dissipation 

25 (See Fig. 14) 

W 

Linear Derating Factor 

0.2 (See Fig. 14) 

W/K 

'lm 

Inductive Current, Clamped 

U 

(See Fig. 1 5 and 1 6) L = 1 0O^H 

11 1 9.0 

9,0 

A 

Tj 

Tstg 

Operating Junction and 

Storage Temperature Range 

-55 to 150 

°C 

Lead Temperature 

300 (0.063 in. ( 1 .6mm) from case for 1 0s) 

°C 


ELECTRICAL CHARACTERISTICS @ Tc = 25‘’C (Unless otherwise specified) 


I Parameter 

Type 

Min. 

Typ. 

Max. 

Units 

Test Conditions 

BVd5s 

Drain — Source Breal^down Voltage 

UFNF430 

UFNF432 

500 

- 

- 

V 

Vqs = OV 




UFNF431 

UFNF433 

450 

- 

- 

V 

Id = 250/xA 


1 ^GS(th) Gate Threshold Voltage 

ALL 

2.0 

- 

4.0 

V 

Vds = Vgs- Id = 250mA 

'gss 

Gate — Source Leakage Forward 

ALL 

- 

- 

500 

nA 

Vqs = 20V 

'gss 

Gate — Source Leakage Reverse 

ALL 

- 

- 

-500 

nA 

Vqs = -20V 

'dss 

Zero Gate Voltage Dram Current 

ALL 

- 

- 

250 

aA 

Vqs = Max. Rating, Vqs 

= OV 



- 

- 

1000 

aA 

Vds = Max. Rating x 0.8, Vqs = OV, Jq = 1 25°C 

'D(on) 

On-State Drain Current (2) 

UFNF430 

UFNF431 

2.75 

- 

- 

B 

Vds > 'D(on) X RDS(on) m 

ax.'VGS= 10V 



UFNF432 

UFNF433 

2.25 



B 

RDS(on) Static Drain — Source On-State 
Resistance (f) 

UFNF430 

UFNF431 

- 

1.3 

1.5 

B 




UFNF432 

UFNF433 

- 

1.5 

2.0 


Qfs 

Forward Transconductance (2) 

ALL 

1.5 

2.5 

- 

|K|gJ| 

Vds > 'D(on) X Rpsion) max.' 'D = 1 -SA 

^iss 

Input Capacitance 

ALL 

- 

600 

800 

PF 

Vqs = OV, Vds = 25V, 
See Fig. 10 

= 1.0 MHz 

^oss 

Output Capacitance 

ALL 

- 



pF 

^rss 

Reverse Transfer Capacitance 

ALL 

- 

KB 

60 

pF 


^d(on) 

Turn-On Delay Time 

ALL 

IBH 

_ 

30 

ns 

Vdd = 225V, Id = 1.5A,Zo =150 1 

tr 

Rise Time 

ALL 

- 

- 

30 

ns 

See Fig. 1 7 


^d(off) 

Turn-Off Delay Time 

ALL 

- 

- 

55 

ns 

(MOSFET switching times are essentially 

tf 

Fall Time 

ALL 

- 

- 

30 

ns 

independent of operating temperature.) 

Qg 

Total Gate Charge 
(Gate-Source Plus Gate-Drain) 

ALL 

- 

22 

30 

nC 

Vqs = 1 0V, Id = 6.0A, Vds = O-^V Max. Rating. 

See Fig. 1 8 for test circuit. (Gate charge is essentially 
independent of operating temperature.) 

Ggs 

Gate-Source Charge 

ALL 

- 

11 

- 

nC 

Qgd 

Gate-Dram ("Miller") Charge 

ALL 

- 

1 1 

_ 

nC 



Ld 

Internal Drain Inductance 

ALL 


5.0 


nH 

Measured from the 
drain lead, 5mm 
(0.2 in.) from header 
to center of die. 

Modified MOSFET 
symbol showing tl^e 
internal device 
inductances. 

•-s 

Internal Source Inductance 

ALL 


15 


nH 

Measured from the 
source lead, 5mm 
(0.2 m.) from header 
to source bonding 
pad. 



THERMAL RESISTANCE 


RthJC 

Junction-to-Case 

all 

- 

- 

5.0 

K/W 


FIthJA 

Junction-to-Ambient 

all 

- 

- 

175 

K/W 

Free Air Operation 
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UFNF430 UFNF431 UFNF432 UFNF433 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


*s 

Continuous Source Current 
(Body Diode) 

UFNF430 

UFNF431 

- 

- 

2.75 

A 

Modified MOSFET symbol 
showing the integral 



UFNF432 

UFNF433 

- 

- 

2.25 

A 

reverse P-N junction rectifier 

•SM 

Pulse Source Current 
(Body Diode) 

UFNF430 

UFNF431 

- 


1 1 

A 




UFNF432 

UFNF433 

- 

- 

9.0 

A 


VSD 

Diode Forward Voltage Q) 

UFNF430 

UFNF431 

- 

- 

1.4 

V 

Tc = 25°C, Is = 2.75A, Vqs = OV 



UFNF432 

UFNF433 

- 

- 

1.3 

V 

Tc = 25°C, Is = 2.25A, Vqs = OV 

trr Reverse Recovery Time 

ALL 

- 

800 

- 

ns 

Tj = 150°C, Ip = 2.75A, dlp/dt = 100A//xs 


4-300 




Z,hJc(»/RthJC. normalized effective transient 

THERMAL IMPEDANCE (PER UNIT) 


UFNF430 UFNF431 UFNF432 UFNF433 



ti, SQUARE WAVE PULSE DURATION (SECONDS) 


Fig. 


6 — Typical Transconductance Vs. Drain Current 



Iq, drain CURRENT (AMPERES) 



10l LI— U I ^ \ I ^ I 

0 12 3 4 

Vsd,SOURCE-TO DRAIN VDLTAGE (VOLTS) 



Fig. 9 ~ Normalized On-Resistance Vs. Temperature 


O Q 



Q 

t 



Tj, JUNCTION TEMPERATURE (<>0 
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UFNF430 UFNF431 UFNF432 UFNF433 


Fig. 10 — Typical Capacitance Vs. Drain-to-Source Voltage Fig. 11 — Typical Gate Charge Vs. Gate -to -Source Voltage 



Vos. drain to source voltage (VOLTS) 



0 8 16 24 32 40 

Qg, TOTAL GATE CHARGE (nC) 


Fig. 12 — Typical On-Resistance Vs. Drain Current 



0 5 to 15 20 25 



Iq, DRAIN CURRENT (AMPERES) 


Tc, CASE TEMPERATURE {°C) 



0 20 40 60 80 100 120 140 

Tc CASE TEMPERATURE (OC) 
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UFNF430 UFNF431 UFNF432 UFNF433 


Fig. 15 - Clamped Inductive Test Circuit Fig. 16 — Clamped Inductive Waveforms 



E)=05BVoss Ec = O.75BV0ss 


Fig. 17 — Switching Time Test Circuit 



Fig. 18 — Gate Charge Test Circuit 



RESISTOR RESISTOR 
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POWER MOSFET TRANSISTORS 

100 Volt, 0.3 Ohm 
N-Channel 


UFN120 

UFN121 

UFN122 

UFN123 


FEATURES 

• Fast Switching 

• Low Drive Current 

• Ease of Paralleling 

• No Second Breakdown 

• Excellent Temperature Stability 


DESCRIPTION 

The Unitrode power MOSFET design utilizes the most advanced technology available. 
This efficient design achieves a very low Roston) and a high transconductance. 

The Unitrode power MOSFET features all of the advantages of MOS technology such as 
voltage control, freedom from second breakdown, very fast switching speeds, and 
thermal stability. 

These power MOSFETS are ideally suited for many high-speed, high-power switching 
applications such as switching power supplies, motor controls, and wide-band and 
audio amplifiers. 


PRODUCT SUMMARY 


Part Number 

Vds 

RDS(on) 

Id 

UFN120 

lOOV 

0.300 

8.0A 

UFN121 

60V 

0.300 

8.0A 

UFN122 

lOOV 

0.400 

7.0A 

UFN123 

60V 

0.400 

7.0A 


MECHANICAL SPECIFICATIONS 


UFN120 UFN121 UFN122 UFN123 


22 22 (0 875) 

MAX DIA 11 43(0 450) 






1016(0 40) MIN 
TWO PLACES 



Dimensions in Millimeters and (Inches) 
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UFN120 UFN121 UFN122 UFN123 


ABSOLUTE MAXIMUM RATINGS 


Parameter 

UFN120 

UFN121 

UFN122 

UFN123 

Units 

Vqs Drain - Source Voltage ® 

100 

60 

100 

60 

V 

Vqqp Drain - Gate Voltage (Rq 5 = 1 Mfl) © 

100 

60 

100 

60 

V 

*0 @ “ 25°C Continuous Drain Current 

8.0 

8.0 

7.0 

7.0 

A 

•d @ ^C “ 100°C Continuous Drain Current 

5.0 

5.0 

4.0 

4.0 

A 


32 

32 

28 

28 

A 

Vqs Gate - Source Voltage 

±20 

V 

Pp @ ^C “ 25°C Max. Power Dissipation 

40 (See Fig. 14) 

W 

Linear Derating Factor 

0.32 (See Fig. 14) 

W/K 

Ilm Inductive Current, Clamped 

(See Fig. 1 5 and 1 6) L = 1 00/zH 

32 1 32 j 28 1 28 

A 

Tj Operating Junction and 

Tgtg Storage Temperature Range 

-55 to 150 

°C 

Lead Temperature 

300 (0.063 in. ( 1 .6mm) from case for 1 0s) 

oc 


ELECTRICAL CHARACTERISTICS @ Tq = 25°C (Unless otherwise specified) 


1 Parameter 

Type 




Units 

Test Conditions 

BVqss 

Drain - Source Breakdown Voltage 

UFN120 

UFN122 


- 

- 

V 

Vqs = OV 




UFN121 

UFN123 


- 

- 


Iq = 250fiA 


1 ^GS(th) Threshold Voltage 

ALL 

2.0 

- 


V 

VdS = Vqs, Ip = 250;iA 

'gss 

Gate-Source Leakage Forward 

ALL 

- 

- 

USQII 

nA 

Vqs = 20V 

'gss 

Gate-Source Leakage Reverse 

ALL 

- 

- 

QiJJI 

nA 

Vqs = -20V 

'dss 

Zero Gate Voltage Drain Current 

ALL 

- 

- 


^A 

Vqs = Max Rating, Vqs 

= OV 



- 

- 

1000 

mA 

Vps = Max. Rating x 0.8, Vqq = OV, Tq = 1 25°C 

'D(on) 

On-State Drain Current d) 

UFN120 

UFN121 

8.0 

- 


A 

Vr.^ > U,. .V X Rr,,.,. V 

. V^o = 10V 



UFN122 

UFN123 

7.0 

- 


A 


RDS(on) 

Static Drain-Source On-State 

Resistance (I) 

UFN120 

UFN121 

- 

0.25 

0.30 

fi 

Vqs = 10V, Id = 4.0A 



UFN122 

UFN123 

- 

0.30 

0.40 

Q 

gfs 

Forward Transconductance d) 

ALL 

1.5 

2.9 

- 

S (0) 

^PS ^ 'p(on) *^PS(on) max.' 'p = 

^iss 

Input Capacitance 

ALL 

- 

450 

600 

PF 

Vqs = OV, Vds = 25V, f 
See Fig. 10 

= 1.0 MHz 

^oss 

Output Capacitance 

ALL 

- 

200 

400 

PF 

Crss 

Reverse Transfer Capacitance 

ALL 

- 

50 

100 

pF 


^d(on) 

Turn-On Delay Time 

ALL 

- 

20 

40 

ns 

Vpp = 0.5 BVpgg, Ip = 

4.0A, Zq = 500 

tr 

Rise Time 

ALL 

- 

35 

70 

ns 

See Fig. 17 


td(off) 

Turn-Off Delay Time 

ALL 

- 

50 

100 

ns 

(MOSFET switching times are essentially 

tf 

Fail Time 

ALL 

- 

35 

70 

ns 

independent of operating temperature.) 

Qg 

Total Gate Charge 
(Gate-Source Plus Gate-Drain) 

ALL 

- 

10 

15 

nC 

VQg = lOV, Ip = 10A, Vpg = 0.8 Max. Rating. 

See Fig. 1 8 for test circuit. (Gate charge is essentially 

Qgs 

Gate-Source Charge 

ALL 

- 

6.0 

- 

nC 

independent of operating temperature.) 

•^gd 

Gate-Drain ("Miller”) Charge 

ALL 

- 

4.0 

- 

nC 



l-D 

Internal Dram Inductance 

ALL 


5.0 


nH 

Measured between 
the contact screw on 
header that is closer to 
source and gate pins 
and center of die. 

Modified MOSFET 
symbol showing the 
internal device 
inductances. 

LS 

Internal Source Inductance 

ALL 


12.5 


nH 

Measured from the 
source pin, 6 mm 
(0.25 in.) from header 
and source bonding 
pad. 



THERMAL RESISTANCE 


RthJC 

Junction-to-Case 

ALL 

- 

- 

3.12 

K/W 


RthCS 

Case-to-Sink 

ALL 

- 

0.1 

- 

K/W 

Mounting surface flat, smooth, and greased. 

RthJA 

Junction-to- Ambient 

ALL 

- 

- 

30 

K/W 

Free Air Operation 
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UFN120 UFN121 UFN122 UFN123 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


Is Continuous Source Current 

(Body Diode) 

UFN120 

UFN121 

- 

- 

8.0 

A 

Modified MOSFET symbol 
showing the integral 
reverse P-N junction rectifier. 

M 


- 

- 

7.0 

A 

•SM Pulse Source Current 

(Body Diode) (© 

UFN120 

UFN121 

- 

- 

32 

A 

UFN122 

UFN123 

- 

- 

28 

A 

VsD Diode Forward Voltage @ 

UFN120 

UFN121 

- 

- 

2.5 

V 

Tc = 25°C, Is = 8.0A, Vqs = OV 

UFN122 

UFN123 

- 

- 

2.3 

V 

Tc = 25°C, Is = 7.0A, Vqs = OV 

tff Reverse Recovery Time 

ALL 

- 

IQI 

- 

ns 

Tj = 150®C, Ip = 8.0A, dip/dt * 100A//iS 

Qpp Reverse Recovered Charge 

ALL 

- 

■a 

- 

nC 

Tj = 150®C, Ip = 8.0A, dIp/dt = 100A/|4S 

ton Forward Turn-on Time 

ALL 

Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Ls + Lq. | 


®Tj = 25°C to 1 50°C. ©Pulse Test: Pulse width < SOOfis, Duty Cycle < 2%. (D Repetitive Rating: Pulse width limited 

by max. junction temperature. 

See Transient Thermal Impedance Curve (Fig. 5). 


Fig. 1 — Typical Output Characteristics 



0 10 20 30 40 50 

Vos, drain to source voltage (VOLTS) 



0 2 4 6 8 to 

Vqs, GATE TO-SOURCE voltage (VOLTS) 


Fig. 3 — Typical Saturation Characteristics 



0 1 2 3 4 5 

Vos, drain TO SOURCE VOLTAGE (VOLTS) 


Fig. 4 — Maximum Safe Operating Area 



Vqs. drain to source VOLTAGE (VOLTS) 
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ZthJcW/RthJC- normalized effective transient 

THERMAL IMPEDANCE (PER UNIT) 


UFN120 UFN121 UFN122 UFN123 


Fig. 5 — Maximum Effective Transient Thermal Impedance, Junction-to-Case Vs. Pulse Duration 

2 

1.0 
0.5 

0.2 
01 
O.OS 

0.02 
0.01 

10-5 2 5 10-4 2 5 jq-3 2 5 iq-2 2 5 jq-I 2 5 iq 2 5 iq 

ti,SOUARE WAVE PULSE DURATION (SECONDS) 



Fig. 6 — Typical Transconductance Vs. Drain Current 


Fig. 7 — Typical Source-Drain Diode Forward Voltage 




Iq, drain current (AMPERES) 


Vso.SOURCE-TO-DRAIN VOLTAGE (VOLTS) 


Fig. 8 — Breakdown Voltage Vs. Temperature Fig. 9 — Normalized On-Resistance Vs. Temperature 



-40 0 40 80 120 160 -40 0 40 80 120 


Tj, JUNCTION TEMPERATURE {«>C) Tj, JUNCTION TEMPERATURE (“C) 
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UFN120 UFN121 UFN122 UFN123 


Fig. 10 — Typical Capacitance Vs. Drain-to-Source Voltage 


Fig. 11 — Typical Gate Charge Vs. Gate-to-Source Voltage 




0 4 8 12 16 20 

Qg, TOTAL GATE CHARGE (nC) 



0 10 20 30 40 



Iq drain current (AMPERES) 


Tc, CASE TEMPERATURE (“O 


Fig. 14 — Power Vs. Temperature Derating Curve 



0 20 40 60 80 100 120 140 

Tc, CASE TEMPERATURE (OC) 
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UFN120 UFN121 UFN122 UFN123 



Fig. 15 — Clamped Inductive Test Circuit 


Fig. 16 — Clamped Inductive Waveforms 



Fig. 17 — Switching Time Test Circuit 



Fig. 18 - Gate Charge Test Circuit 
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POWER MOSFET TRANSISTORS 

100 Volt, 0.18 Ohm 
N-Channel 


UFN130 

UFN131 

UFN132 

UFN133 


DESCRIPTION 

The Unitrode power MOSFET design utilizes the most advanced technology available. 
This efficient design achieves a very low Rostom and a high transconductance. 

The Unitrode power MOSFET features all of the advantages of MOS technology such as 
voltage control, freedom from second breakdown, very fast switching speeds, and 
• Excellent Temperature Stability stability. 

These power MOSFETS are ideally suited for many high-speed, high-power switching 
applications such as switching power supplies, motor controls, and wide-band and 
audio amplifiers. 


FEATURES 

• Fast Switching 

• Low Drive Current 

• Ease of Paralleling 

• No Second Breakdown 


PRODUCT SUMMARY 


Part Number 

Vds 

RoSCon) 

Id 

UFN130 

lOOV 

0.180 

14A 

UFN131 

60V 

0.18Q 

14A 

UFN132 

lOOV 

0.25Q 

12A 

UFN133 

60V 

0.25Q 

12A 


MECHANICAL SPECIFICATIONS 


UFN130 UFN131 UFN132 UFN133 


22 22(0 8751 
MAX DIA 

J 42 1 

1143 (0450) 

1 Tsomffi 

(0 135) MAX * 

j 


J 1 


SEATING 

r 1 1 

I 1 

1 09(0 043) n, A 1 

5WT535) -n 

TWO PLACES 

rtn 

PLANE 

L_ 1016(0 

1 TWO P 

40) MIN 

LACES 



Dimensions in Millimeters and (Inches) 
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UFN130 UFN131 UFN132 UFN133 


ABSOLUTE MAXIMUM RATINGS 


1 Parameter 

UFN130 

UFN131 

UFN132 

UFN133 

Units 


100 

60 

100 

60 

V 

Vdqr Drain - Gate Voltage (Rqs " ^ ® 

100 

60 

100 

60 

V 

•d @ “ 25° C Continuous Drain Current 

14 

14 

12 

12 

A 

•d @ ^C ~ 100°C Continuous Drain Current 

9.0 

9.0 

8.0 

8.0 

A 

l[)l\/l Pulsed Drain Current (3) 

56 

56 

48 

48 

A 

Vq 5 Gate - Source Voltage 

±20 

V 

Pd @ ^C = 25°C Max. Power Dissipation 

75 (See Fig. 14) 

W 

Linear Derating Factor 

0.6 (See Fig. 14) 

W/K 

Il^/I Inductive Current, Clamped 

(See Fig. 1 5 and 1 6) L = lOO^H 

56 j 56 1 48 1 48 

A 

Tj Operating Junction and 

Tgtg Storage Temperature Range 

-55 to 150 

°C 

Lead Temperature 

300 (0.063 in. ( 1 .6mm) from case for 1 0s) 

°C 


ELECTRICAL CHARACTERISTICS @Jc = 25°C (Unless otherwise specified) 


j Parameter 

Type 

Min. 

Typ. 

IlSSSi 

Units 

Test Conditions | 

BVdss 

Drain - Source Breakdown Voltage 

UFN130 

UFN132 

100 

- 

- 

V 

Vqs = OV 




UFN131 

UFN133 

60 

- 

- 

V 

Iq = 250/xA 


1 ^GS(th) Threshold Voltage 

ALL 

2.0 

- 

\mm 

V 

'^DS = '^GS' 'D = 250fiA 

'gss 

Gate-Source Leakage Forward 

ALL 

- 

- 

ESI 

IBEH 

Vqs = 20V 

'gss 

Gate-Source Leakage Reverse 

ALL 

- 

- 


nA 

Vqs = -20V 

'dss 

Zero Gate Voltage Drain Current 

ALL 

- 

- 

IB9I 

mA 

Vqs = Max. Rating, Vqs 

= OV 

■■ 


- 

- 


mA 

^05 = Max. Rating x 0.8, Vq 5 = OV, Tq = 1 25°C 

*D(on) 

On-State Drain Current (D 

UFN130 

UFN131 

14 

- 

- 

n 

V^,, ^ U X . 

. . V^^ = 10V 



UFN132 

UFN133 


a 

- 

A 

ua ' uion) uj>ion) max.' uio 

BDS(on) 

Static Drain-Source On-State 

Resistance (D 

UFN130 

UFN131 

- 

0.14 

0.18 

fi 

Vqs = lOV, Id = 8.0A 



UFN132 

UFN133 



0.25 

fi 

Qfs 

Forward Transconductance d) 

ALL 

IIQQIII 

ESI 


SIB) 

^DS ^ 'D(on) ^DS(on) max.' 'd = ® 

^iss 

Input Capacitance 

ALL 

- 



PF 



Coss 

Output Capacitance 

ALL 

- 



pF 



ALL 

_ 

IQj]^ 

lEEl 

pF 




ALL 

- 

- 


ns 

V = 36V,U = 8 . 0 A,Z. = 150 I 

tr 

Rise Time 

ALL 

- 

- 

mm 

ns 

See Fig. 17 


^d(off) 

Turn-Off Delay Time 

ALL 

- 

- 

mm 

ns 

(MOSFET switching times are essentially 

tf 

Fall Time 


- 

- 

mm 

ns 

independent of operating temperature.) 




■ 

18 

30 

nC 

Vgs = lOV, Ip = 18A, Vpg = 0.8 Max. Rating. 

See Fig. 1 8 for test circuit. (Gate charge is essentially 

^gs 

Gate-Source Charge 



9.0 

- 

nC 

independent of operating temperature.) 

^gd 

Gate-Drain ("Miller") Charge 

ALL 


9.0 

- 

nC 



Ld 

Internal Drain Inductance 

ALL 


5.0 


nH 

Measured between 
the contact screw on 
header that is closer to 
source and gate pins 
and center of die. 

Modified MOSFET 
symbol showing the 
internal device 
inductances. 

Ls 

Internal Source Inductance 

ALL 


12.5 


nH 

Measured from the 
source pin, 6 mm 
(0.25 in.) from header 
and source bonding 
pad. 



THERMAL RESISTANCE 


RthJC 

Junction-to-Case 

ALL 

_ 

- 


besb 


RthCS 

Case-to-Sink 

ALL 

- 

0.1 

- 

K/W 

Mounting surface flat, smooth, and greased. 

BthJA 

Junction-to-Ambient 

ALL 

- 

- 

30 

K/W 

Free Air Operation 
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UFN130 UFN131 UFN132 UFN133 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


Is Continuous Source Current 

(Body Diode) 

UFN130 

UFN131 

- 

— 

14 

— 

A 

Modified MOSFET symbol 
showing the integral 
reverse P-N junction rectifier. 

UFN132 

UFN133 

- 

- 

12 

A 

Ism Pulse Source Current 

(Body Diode) 

UFN130 

UFN131 

- 

- 

56 

A 

UFN132 

UFN133 

- 

- 

48 

A 

VsD Diode Forward Voltage (D 

UFN130 

UFN131 

- 

- 

2.5 

V 

Tq = 25^C, Is = 14A, Vqs = OV 

UFN132 

UFN133 

- 

- 

2.3 

V 

Tc = 25°C,ls = 12A,Vgs = OV 

t^r Reverse Recovery Time 

ALL 

- 

360 

- 

ns 

Tj = 150®C, Ip = 14A, dip/dt = 100A//iS 

Qrr Reverse Recovered Charge 

ALL 

- 

Bl 

- 

nC 

Tj = 150®C, Ip = 14A, dIp/dt = ^OOM^lS 

ton Forward Turn-on Time 

ALL 

Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Lg -(- Lp. | 


® Tj = 25°C to 1 50°C. (DPulse Test: Pulse width < 300/iS, Duty Cycle < 2%. d) Repetitive Rating: Pulse width limited 

by max. junction temperature. 

See Transient Thermal Impedance Curve (Fig. 5). 


Fig. 1 — Typical Output Characteristics 



Vos, drain to source voltage (VOLTS) 



0 2 4 6 8 10 

Vgs, GATE-TO SOURCE VOLTAGE (VOLTS) 


Fig. 3 — Typical Saturation Characteristics 



0 04 08 12 '16 20 

Vqs, drain to source voltage (VOLtS) 


Fig. 4 — Maximum Safe Operating Area 
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UFN130 UFN131 UFN132 UFN133 


Fig. 5 — Maximum Effective Transient Thermal Impedance, Junction-to-Case Vs. Pulse Duration 




Fig. 6 — Typical Transconductance Vs. Drain Current 


Fig. 7 — Typical Source-Drain Diode Forward Voltage 



Id, drain current (amperes) 



Fig. 8 — Breakdown Voltage Vs. Temperature 



Tj, JUNCTION temperature (OC) 



-40 0 40 80 120 

Tj, JUNCTION temperature (OC) 
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DS(on)' ORAIN TO-SOURCE ON RESISTANCE (OHMS) C, CAPACITANCE (pF) 


UFN130 UFN131 UFN132 UFN133 


Fig. 10 — Typical Capacitance Vs. Drain-to-Source Voltage Fig. 11 — Typical Gate Charge Vs. Gate-to-Source Voltage 



0 10 20 30 40 50 0 8 16 24 32 40 

Vqs, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Qg, TOTAL GATE CHARGE (nC) 


Fig. 12 — Typical On-Resistance Vs. Drain Current Fig. 13 — Maximum Drain Current Vs. Case Temperature 



0 10 20 30 40 50 60 25 50 75 100 125 150 


Iq, drain current (AMPERES) ’’’C- ^ASE TEMPERATURE (*>0 


Fig. 14 — Power Vs. Temperature Derating Curve 



0 20 40 60 80 100 120 140 

Tc, CASE TEMPERATURE (OC) 
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UFN130 UFN131 UFN132 UFN133 



Fig. 15 — Clamped Inductive Test Circuit 


Fig. 16 — Clamped Inductive Waveforms 




Fig. 17 — Switching Time Test Circuit 



Fig. 18 — Gate Charge Test Circuit 
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POWER MOSFET TRANSISTORS 

100 Volt 0.085 Ohm 
N-Channel 


UFN140 

UFN141 

UFN142 

UFN143 


DESCRIPTION 

The Unitrode power MOSFET design utilizes the most advanced technology available. 
This efficient design achieves a very low RDS(on) and a high transconductance. 

The Unitrode power MOSFET features all of the advantages of MOS technology such as 
^ ^ ^ ... voltage control, freedom from second breakdown, very fast switching speeds, and 

• Excellent Tennperature Stability ,f,g,rnal stability. 

These power MOSFETS are ideally suited for many high-speed, high-power switching 
applications such as switching power supplies, motor controls, and wide-band and 
audio amplifiers. 


FEATURES 

• Fast Switching 

• Low Drive Current 

• Ease of Paralleling 

• No Second Breakdown 


PRODUCT SUMMARY 


Part Number 

Vds 

RpSCon) 

•d 

UFN140 

lOOV 

0.085Q 

27A 

UFN141 

60V 

0.085Q 

27A 

UFN142 

lOOV 

o.iin 

24A 

UFN143 

60V 

O.llQ 

24A 


MECHANICAL SPECIFICATIONS 


UFN140 UFN141 UFN142 UFN143 



t MEASURED AT SEATING PLANE 


Dimensions in Millimeters and (Inches) 
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UFN140 UFN141 UFN142 UFN143 


ABSOLUTE MAXIMUM RATINGS 


Parameter 

UFN140 

UFN141 

UFN142 

UFN143 

Units 

Vqs Drain - Source Voltage © 

100 

60 

100 

60 

V 

Vq( 3 r Drain - Gate Voltage (Rqs = f ® 

100 

60 

100 

60 

V 

'D @ ~ 25°C Continuous Drain Current 

27 

27 

24 

24 

A 

Id @ ^C ~ 100°C Continuous Drain Current 

17 

17 

15 

15 

A 

| 0 (\/I Pulsed Drain Current (D 

108 

108 

96 

96 

A 

V (35 Gate - Source Voltage 

±20 

V 

Pd @ ^C ~ 25°C Max. Power Dissipation 

125 (See Fig. 14) 

W 

Linear Derating Factor 

1.0 (See Fig. 14) 

W/K 

IlM Inductive Current, Clamped 

(See Fig. 1 5 and 1 6) L = 1 0O^H 

108 1 108 1 96 1 96 

A 

Tj Operating Junction and 

Tgtg Storage Temperature Range 

-55 to 150 

“C 

Lead Temperature 

300 (0.063 in. ( 1 . 6 mm) from case for 1 0s) 

°C 


ELECTRICAL CHARACTERISTICS @ Tq = 25° C (Unless otherwise specified) 


1 Parameter 

Type 

Min. 

Typ. 

Max. 

Units 

Test Conditions 

BVdsS 

Drain - Source Breakdown Voltage 

UFN140 

UFN142 

100 

- 

- 

V 

Vqs = ov 




UFN141 

UFN143 

60 

- 

- 

V 

Iq = 250^A 


1 ^GS(th) Threshold Voltage 

ALL 

2.0 

- 

4.0 

V 

'^DS ^GS' 'D = 250mA 

'gss 

Gate-Source Leakage Forward 

ALL 

- 

- 

100 

nA 

Vgs = 20V 

'gss 

Gate-Source Leakage Reverse 

ALL 

- 

- 

-100 

nA 

VqS = '^OV 

•dss 

Zero Gate Voltage Drain Current 

ALL 

- 

- 

250 

mA 

Vds = Max. Rating, Vqs 

= OV 



- 

- 

1000 

mA 

^DS ~ Max. Rating x 0.8, Vqg = OV, Tq = 1 25°C 

'D(on) 

On-State Drain Current ® 

UFN140 

UFN141 

27 

- 

- 

A 


... . V^o = lOV 



UFN142 

UFN143 

24 

- 

- 

A 


PDS(on) 

Static Drain-Source On-State 

Resistance (D 

UFN140 

UFN141 

- 

0.07 

0.085 

Q 

Vgs = 10V, Id - iba 



UFN142 

UFN143 

- 

0.09 

0.11 

fi 

gfs 

Forward Transconductance (I) 

ALL 

6.0 

10 

- 

S(0) 

^DS > 'D(on) ^DS(on) max.' 'd = 

^iss 

Input Capacitance 

ALL 

- 

1275 

1600 

pF 

Vgs = ov, Vds = 25v, f 
See Fig. 10 

= 1.0 MHz 

^oss 

Output Capacitance 

ALL 

- 

550 

800 

PF 

l-rss 

Reverse Transfer Capacitance 

ALL 

- 

160 

300 

pF 


^d(on) 

Turn-On Delay Time 

ALL 

- 

16 

30 

ns 

Vnn = 30V, In = 1 BA, Z 

0 = 4.70 

1 tp Rise Time 

ALL 

- 

27 

60 

ns 

See Fig. 1 7 


^d(off) 

Turn-Off Delay Time 

ALL 

- 

38 

80 

ns 

(MOSFET switching times are essentially 

tf 

Fall Time 

ALL 

- 

14 

30 

ns 

independent of operating temperature.) 

Qg 

Total Gate Charge 
(Gate-Source Plus Gate-Drain) 

ALL 

- 

38 

60 

nC 

Vq 5 = 10V, = 34 A, Vp 5 = 0.8 Max. Rating. 

See Fig. 18 for test circuit. (Gate charge is essentially 

^gs 

Gate-Source Charge 

ALL 

- 

17 

- 

nC 

independent of operating temperature.) 

Qgd 

Gate-Drain ("Miller") Charge 

ALL 


21 

- 

nC 



ld 

Internal Drain Inductance 

ALL 


5.0 


nH 

Measured between 
the contact screw on 
header that is closer to 
source and gate pins 
and center of die. 

Modified MOSFET 
symbol showing the 
internal device 
inductances. 

i-s 

Internal Source Inductance 

ALL 


12.5 


nH 

Measured from the 
source pin, 6 mm 
(0.25 in.) from header 
and source bonding 
pad. 



THERMAL RESISTANCE 


RthJC 

Junction-to-Case 

ALL 

- 

- 

1.0 

K/W 


RthCS 

Case-to-Sink 

ALL 

- 

0.1 

- 

K/W 

Mounting surface flat, smooth, and greased. 

^thJA 

Junction-to-Ambient 

ALL 

- 

- 

30 

K/W 

Free Air Operation 
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UFN140 UFN141 UFN142 UFN143 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


Is Continuous Source Current 

(Body Diode) 

UFN140 

UFN141 

- 

- 

27 

A 

Modified MOSFET symbol 
showing the integral 

reverse P-N junction rectifier. « 

UFN142 

UFN143 

- 

- 

24 

A 

*SM Pulse Source Current 

(Body Diode) (3) 

UFN140 

UFN141 

- 

- 

108 

A 

UFN142 

UFN143 

- 

- 

96 

A 

VsD Diode Forward Voltage (2) 

UFN140 

UFN141 

- 

- 

2.5 

V 

Tc = 25°C,ls = 27A, Vqs = OV 

UFN142 

UFN143 

- 

- 

2.3 

V 

Tc = 25°C,ls = 24A, Vqs = OV 

t^r Reverse Recovery Time 

ALL 

- 

500 

imu 

ns 

Tj = 150°C, Ip = 27 A, dip/dt = lOOA/jxs 

Qrr Reverse Recovered Charge 

ALL 

- 

m 

- 

(J.C 

Tj = 150®C, Ip = 27A,dlp/dt = 100A//iS 

ton Forward Turn-on Time 

ALL 

Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Ls + Lq. | 


®Tj = 25°Cto150°C. (DPulse Test; Pulse width < 300/xs, Duty Cycle < 2%. ® Repetitive Rating: Pulse width limited 

by max. junction temperature. 

See Transient Thermal Impedance Curve (Fig. 5). 


Fig. 1 — Typical Output Characteristics 



VDS, DRAIN-TO-SOURCE voltage (VOLTS) 



0 2 4 6 8 10 

Vgs, GATE-TO-SOURCE voltage (VOLTS) 


Fig. 3 — Typical Saturation Characteristics 



0 1 2 ' 3 4 5 

Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 



Vqs, drain to source voltage (VOLTS) 
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TRANSCONDUCTANCE (SIEMENS) 


UFN140 UFN141 UFN142 UFN143 


Fig. 5 — Maximum Effective Transient Thermal Impedance, Junction-to-Case Vs. Pulse Duration 



Fig. 6 — Typical Transconductance Vs. Drain Current 



Iq, drain CURRENT (AMPERES) 


Fig. 8 — Breakdown Voltage Vs. Temperature 



-40 0 40 80 120 160 

Tj, JUNCTION TEMPERATURE (OC) 


Fig. 7 — Typical Source-Drain Diode Forward Voltage 



Vso, SOURCE TO-ORAIN VOLTAGE (VOLTS) 



Tj, JUNCTION TEMPERATURE (OC) 
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UFN140 UFN141 UFN142 UFN143 



Vqs, ORAIN-TO-SOURCE voltage (VOLTS) 


Fig. 11 — Typical Gate Charge Vs. Gate-to-Source Voltage 



0 20 40 60 80 

Qg, TOTAL GATE CHARGE (nC) 


Fig. 12 — Typical On-Resistance Vs. Drain Current 



0 20 40 60 80 100 120 


Iq, drain current (AMPERES) 


Fig. 13 — Maximum Drain Current Vs. Case Temperature 



Tc, CASE TEMPERATURE (°C) 


Fig. 14 — Power Vs. Temperature Derating Curve 



0 20 40 60 80 100 120 140 

Tc, CASE TEMPERATURE (OC) 
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UFN140 UFN141 UFN142 UFN143 


Fig. 15 — Clamped Inductive Test Circuit 


Fig. 16 — Clamped Inductive Waveforms 





Fig. 17 — Switching Time Test Circuit 



Fig. 18 — Gate Charge Test Circuit 
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POWER MOSFET TRANSISTORS 

100 Volt 0.055 Ohm 
N-Channel 


UFN150 

UFN151 

UFN152 

UFN153 


FEATURES 

• Fast Switching 

• Low Drive Current 

• Ease of Paralleling 

• No Second Breakdown 

• Excellent Temperature Stability 


DESCRIPTION 

The Unitrode power MOSFET design utilizes the most advanced technology available. 
This efficient design achieves a very low RDS(on) and a high transconductance. 

The Unitrode power MOSFET features all of the advantages of MOS technology such as 
voltage control, freedom from second breakdown, very fast switching speeds, and 
thermal stability. 

These power MOSFETS are ideally suited for many high-speed, high-power switching 
applications such as switching power supplies, motor controls, and wide-band and 
audio amplifiers. 


PRODUCT SUMMARY 


Part Number 

Vds 

RoSCon) 

Id 

UFN150 

lOOV 

0.055Q 

40A 

UFN151 

60V 

0.055fi 

40A 

UFN152 

lOOV 

0.08Q 

33A 

UFN153 

60V 

0.080 

33A 


MECHANICAL SPECIFICATIONS 


UFN150 UFN151 UFN152 UFN153 



Dimensions in Millimeters and (Inches) 



y 


UNITRODE 
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UFN150 UFN151 UFN152 UFN153 


ABSOLUTE MAXIMUM RATINGS 


Parameter 

UFN150 

UFN151 

UFN152 

UFN153 

Units 

Vqs Drain - Source Voltage © 

100 

60 

100 

60 

V 

Vqqp Drain - Gate Voltage (R (35 = 1 Mfi) © 

100 

60 

100 

60 

V 

I[)@Tq = 25°C Continuous Drain Current 

40 

40 

33 

33 

A 

•d @ Tc = 100°C Continuous Drain Current 

25 

25 

20 

20 

A 

iQiy/l Pulsed Drain Current (3) 

160 

160 

132 

132 

A 

Vg 3 Gate - Source Voltage 

±20 

V 

Pd @ Tc = 25°C Max. Power Dissipation 

150 (See Fig. 14) 

W 

Linear Derating Factor 

1.2 (See Fig. 14) 

W/K 

Inductive Current, Clamped 

(See Fig. 15and 16) L = IOOmH 

160 i 160 I 132 1 132 

A 

Tj Operating Junction and 

Tg^g Storage Temperature Range 

-55 to 150 

°C 

Lead Temperature 

300 (0.063 in. (1 .6mm) from case for 1 0s) 

°C 


ELECTRICAL CHARACTERISTICS @ Tc = 25°C (Unless otherwise specified) 


1 Parameter 

Type 

Min. 

Typ. 

Max. 

Units 

Test Conditions 

BVdsS 

Drain - Source Breakdown Voltage 

UFN150 

UFN152 

100 

- 

- 

V 

Vqs - OV 




UFN151 

UFN153 

60 

- 

- 

V 

Id = 250/iA 


1 ^GS(th) Threshold Voltage 

ALL 

2.0 

- 

4.0 

V 

VdS = ^GS' 'd = 250/xA 



ALL 

- 

- 

■ESI 

nA 

Vqs = 20V 

IISS9I 


ALL 

- 

- 

■ESI 

nA 

Vqs = -20V 

'dss 

Zero Gate Voltage Drain Current 

ALL 

- 

- 


aA 

Vds = Max. Rating, Vqs 

= OV 



- 

- 

1000 

IxA 

Vds = Max. Rating X 0.8, Vqs = OV, Tq = 125'>C 

'D(on) 

On-State Drain Current (D 

UFN150 

UFN151 

40 

- 

- 

A 

V X Rr^o,_ v 

.... . V,-o = 10V 



UFN152 

UFN153 

33 

- 

- 

A 


RDS(on) Static Drain-Source On-State 
Resistance (2) 

UFN150 

UFN151 

- 

0.045 

0.055 

fi 

Vqs = '•OV, Id = 20 A 



UFN152 

UFN153 

- 

0.06 

0.08 

Q 

gfs 

Forward Transconductance © 

ALL 

9.0 

11 

- 

S(0) 

^DS ^ 'D(on) ^ ^DS(on) max.' 'd = 

^iss 

Input Capacitance 

ALL 

- 

2000 

3000 

PF 

Vqs = OV, Vds = 25V, f 
See Fig. 10 

= 1.0 MHz 

^oss 

Output Capacitance 

ALL 

- 

1000 

1500 

pF 

^rss 

Reverse Transfer Capacitance 

ALL 

- 

350 

500 

pF 


^d(on) 

Turn-On Delay Time 

ALL 

- 

- 

35 

ns 

Vdd = 24V,Id= 20A,Z 

o = 

tr 

Rise Time 

ALL 

- 

- 

100 

ns 

See Figure 1 7. 


td(off) 

Turn-Off Delay Time 

ALL 

- 

- 

125 

ns 

(MOSFET switching times are essentially 

tf 

Fall Time 

ALL 

- 

- 

100 

ns 

independent of operating temperature.) 

Qg 

Total Gate Charge 
(Gate-Source Plus Gate-Drain) 

ALL 

- 

63 

120 

nC 

Vq 3 = 10V, \q = 50A, Vjjg = 0.8 Max. Rating. 

See Fig. 1 8 for test circuit. (Gate charge is essentially 


Gate-Source Charge 

ALL 

1 _ 

27 

- 

nC 

independent of operating temperature.) 

^gd 

Gate-Drain ("Miller") Charge 

ALL 


36 

- 

nC 



Ld 

Internal Drain Inductance 

ALL 

1 

5.0 

1 

nH 

Measured between 
the contact screw on 
header that is closer to 
source and gate pins 
and center of die. 

Modified MOSFET 
symbol showing the 
internal device 
inductances. 

•-S 

Internal Source Inductance 

ALL 


12.5 


nH 

Measured from the 
source pin, 6 mm 
(0.25 in.) from header 
and source bonding 
pad. 

4 ^ 


THERMAL RESISTANCE 


f^thJC 

Junction-to-Case 

ALL 

- 

- 

EEEI 

ISSH 



Case-to-Sink 

ALL 

- 

OB 

- 


Mounting surface flat, smooth, and greased. 

f^thJA 

Junction-to- Ambient 

ALL 

- 

- 

K9i 

BSH 

Free Air Operation 
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UFN150 UFN151 UFN152 UFN153 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


I 5 Continuous Source Current 

(Body Diode) 

UFN150 

UFN151 

— 

- 

40 

A 

Modified MOSFET symbol 
showing the integral 
reverse P-N junction rectifier. 

UFN152 

UFN153 

- 

- 

33 

A 

*SM Pulse Source Current 

(Body Diode) (© 

UFN150 

UFN151 

- 

- 

160 

A 


- 

- 

132 

A 

VsD Diode Forward Voltage @ 


B 

- 


Hi 

Tc = 25°c, Is = 40A, Vqs = OV 


- 

- 

Q| 


Tc = 25°C, Is = 33A, Vqs = OV 

t^r Reverse Recovery Time 

ALL 

- 

IBi 

- 

ns 

Tj = 150®C, Ip = 40A, dip/dt = 100A//iS 

Qrr Reverse Recovered Charge 

ALL 

- 

EEi 

- 

aC 


ton Forward Turn-on Time 

ALL 

Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Ls + Lq. | 


©Tj = 25°C to 1 50°C. ©Pulse Test: Pulse width < 300/iS, Duty Cycle < 2%. © Repetitive Rating: Pulse width limited 

by max. junction temperature. 

See Transient Thermal Impedance Curve (Fig. 5). 


Fig. 1 — Typical Output Characteristics 



Vqs, DRAIN-TO-SOURCE voltage (VOLTS) 


Fig. 2 — Typical Transfer Characteristics 



0 1 2 3 4 5 6 7 8 

Vgs, GATE TO SOURCE voltage (VOLTS) 


Fig. 3 — Typical Saturation Characteristics 



0 0.4 0.8 1 2 1 6 2 0 

Vqs, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 



Vqs. ORAIN-TO-SOURCE voltage (VOLTS) 
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BVqsS. drain TO-SOURpE BREAKDOWN VOLTAGE 
(NORMALIZED) 


UFN150 UFN151 UFN152 UFN153 


Fig. 5 — Maximum Effective Transient Thermal Impedance, Junction-to-Case Vs. Pulse Duration 



t], SQUARE WAVE PULSE DURATION (SECONDS) 


Fig, 6 — Typical Transconductance Vs. Drain Current 



Iq, drain current (AMPERES) 


Fig. 8 — Breakdown Voltage Vs. Temperature 




0 12 3 4 

VsD, SOURCE-TO-DRAIN voltage (VOLTS) 

Fig. 9 — Normalized On-Resistance Vs. Temperature 



Tj, JUNCTION TEMPERATURE (OC) 
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RoS(on). DRAIN TO SOURCE ON RESISTANCE lOHMS) C, CAPACITANCE {pF) 


UFN150 UFN151 UFN152 UFN153 


Fig. 10 — Typical Capacitance Vs. Drain-to-Source Voltage 


Fig. 11 — Typical Gate Charge Vs. Gate-to-Source Voltage 



Vqs, ORAIN-TO-SOURCE voltage (VOLTS) 



0 28 56 84 112 140 

Qg, TOTAL GATE CHARGE (nC) 


■ig. 12 — Typical On-Resistance Vs. Drain Current 


RoS(o 
2.0 ms 
"EFFEC 

,) MEAS 
DURATI 
T0F2C 

— 

URED W 
ON INI! 
MS PULJ 

— 

TH CUF 
riALTj 
E IS Ml 

RENT PI 
= 25°C 
MIMAL.) 

LSE OF 
HEATIN 

— 

G 

— 



^GS 

= 10V 
























7 











Vgs 

= 20V 








□ 


0 40 80 120 160 
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Fig. 14 — Power Vs. Temperature Derating Curve 



0 20 40 60 80 100 120 140 


Tc, CASE TEMPERATURE (OC) 


UNITRODE CORPORATION • 5 FORBES ROAD 
LEXINGTON, MA 02173 • TEL. (617) 861-6540 
TWX (710) 326-6509 • TELEX 95-1064 


4-326 


PRINTED IN U.S A 







UFN150 UFN151 


UFN152 UFN153 


Fig. 15 — Clamped Inductive Test Circuit 


Fig. 16 — Clamped Inductive Waveforms 



Fig. 17 — Switching Time Test Circuit 



Fig. 18 — Gate Charge Test Circuit 
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POWER MOSFET TRANSISTORS 

200 Volt, 0.8 Ohm 
N-Channel 


UFN220 

UFN221 

UFN222 

UFN223 


FEATURES 

• Fast Switching 

• Low Drive Current 

• Ease of Paralleling 

• No Second Breakdown 

• Excellent Temperature Stability 


DESCRIPTION 

The Unitrode power MOSFET design utilizes the most advanced technology available. 
This efficient design achieves a very low Roscon) and a high transconductance. 

The Unitrode power MOSFET features all of the advantages of MOS technology such as 
voltage control, freedom from second breakdown, very fast switching speeds, and 
thermal stability. 

These power MOSFETS are ideally suited for many high-speed, high-power switching 
applications such as switching power supplies, motor controls, and wide-band and 
audio amplifiers. 


PRODUCT SUMMARY 


Part Number 

Vds 

RDS(on) 

Id 

UFN220 

200V 

o.8n 

5.0A 

UFN221 

150 V 

0.80 

5.0A 

UFN222 

200V 

1.20 

4.0A 

UFN223 

150 V 

1.20 

4.0A 


MECHANICAL SPECIFICATIONS 


UFN220 UFN221 UFN222 UFN223 


22 22 (0 875) 
MAX DIA 

3 42 1 

11 43 (0450) 

1 fi 35 (0 750) 

(0135) MAX r 

J 


J t ] 

rrl 

SEATING 

1 1 I 

TWO PLACES 

rtn 

PLANE 

1 

1016(0. 

TWOP 

40) MIN 

LACES 



Oimensions in Millimeters and (Inches) 
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UFN220 UFN221 UFN222 UFN223 



1 Parameter | 

Vds 

Drain - Source Voltage (D 

VdGR 

Drain - Gate Voltage IRqs ^ MO) ® 

Id@Tc = 25«c 

Continuous Drain Current 

•d @ Tc = 100°C 

Continuous Drain Current 

•dm 

Pulsed Drain Current (3) 

Vqs 

Gate - Source Voltage 

Pd@Tc = 25»C 

Max. Power Dissipation 

1 Linear Derating Factor j 

'lm 

Inductive Current, Clamped 

Tj 

Operating Junction and 

Tstg 

Storage Temperature Range 

1 Lead Temperature j 



(See Fig. 14) 


(See Fig. 14) 


(See Fig. 1 5 and 1 6) L = 1 OOmH 
j 20 I 16 I 


-50 to 150 


300 (0.063 in. (1 .6mm) from case for 10s) 


ELECTRICAL CHARACTERISTICS (§) Tc = 25°C (Unless otherwise specified) 


Type 


Parameter 


BVqss Drsin - Source Brealcdown Voltage 


VGS(th) Threshold Voltage 


Iqss Gate-Source Leakage Forward 


loss Voltage Drain Current 


*D(on) On-State Drain Current (D 



Test Conditions 


Vqs = OV 
Id = 250mA 


VdS = '^GS' 'D = 250/iA 


Vgs = 20V 




^DS(on) Static Drain-Source On-State 
Resistance (D 


Vds = Max. Rating x 0.8, Vgs = OV, Tq = 1 25®C 


^DS > 'D(on) ^DS(on) max.' '^GS = 


Vgs = iovid = 2.5a 


^d(on) 

Turn-On Delay Time 

tr 

Rise Time 

td(off) 

Turn-Off Delay Time 


Fall Time 

Qg 

Total Gate Charge 
(Gate-Source Plus Gate-Drain) 


Gate-Source Charge 

Qgd 

Gate-Drain ("Miller”) Charge 

Ld 

Internal Drain Inductance 


I 


Internal Source Inductance 



PF 

VpQ = OV, Vnc: = 25V, f = 1 .0 MHz 

pF 


pF 

See Fig. 1 0 

ns 

VDD = 0.5BVpss.»D = 2.5A,Z^ = 50n 

ns 

See Fig. 17 

ns 

(MOSFET switching times are essentially 

ns 

independent of operating temperature.) 

nC 

Vqs = 10V, Iq = 6.0A, Vp3 = 0.8 Max. Rating. 

See Fig. 18 for test circuit. (Gate charge is essentially 

nC 

independent of operating temperature.) 

nC 



nH 

Measured between 
the contact screw on 
header that is closer to 
source and gate pins 
and center of die. 

nH 

Measured from the 
source pin, 6 mm 
(0.25 in.) from header 
and source bonding 
pad. 



THERMAL RESISTANCE 


RthJC 

Junction-to-Case 

ALL 

- 



mjsB 


RthCS 

Case-to-Sink 

ALL 

- 

En 

- 

HSSB 

Mounting surface flat, smooth, and greased. 



ALL 

- 

a 

30 

BSSH 

Free Air Operation 
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UFN220 UFN221 UFN222 UFN223 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


Is Continuous Source Current 

(Body Diode) 

UFN220 

UFN221 

- 

— 

_ 

5.0 

A 

Modified MOSFET symbol 

showing the integral 

reverse P-N junction rectifier. ^ 

UFN222 

UFN223 

- 

- 

4.0 

A 

*SM Pulse Source Current 

(Body Diode) (3) 

UFN220 

UFN221 

- 

- 

20 

A 

UFN222 

UFN223 

- 

- 

16 

A 

VsQ Diode Forward Voltage @ 

UFN220 

UFN221 

- 

- 

2.0 

V 

Jq = 25°C, Ig = 5 0A, Vq5 = OV 

UFN222 

UFN223 

- 

- 

1.8 

V 

T^ = 25®C, Ig = 4.0A, Vgg =r OV 

tfr Reverse Recovery Time 

ALL 

- 

350 

- 

ns 

Tj = 150®C, Ip = 5.0A, dip/dt = 100A/#is 

Qrr Reverse Recovered Charge 

ALL 

- 

2.3 

- 

mC 

Tj = 150°C, Ip = 5.0A, dIp/dt = lOOA/^s 

^on Forward Turn-on Time 

ALL 

Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Ls + Lq. | 


©Tj = 25°C to 1 50°C. ©Pulse Test: Pulse width < 300^s, Duty Cycle < 2%. d) Repetitive Rating: Pulse width limited 

by max. junction temperature. 

See Transient Thermal Impedance Curve (Fig. 5). 


Fig. 1 — Typical Output Characteristics 
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Vqs, drain to source voltage (VOLTS). 
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Vgs, gate TO SOURCE voltage (VOLTS) 


Fig. 3 — Typical Saturation Characteristics 
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ZthJC<*>/RthJC- normalized effective transient 

THERMAL IMPEDANCE (PER UNIT) 


UFN220 UFN221 UFN222 UFN223 


Fig. 5 — Maximum Effective Transient Thermal Impedance, Junction-to-Case Vs. Pulse Duration 




Fig. 6 — Typical Transconductance Vs. Drain Current 
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UFN220 UFN221 UFN222 UFN223 


Fig. 10 — Typical Capacitance Vs. Drain -to-Source Voltage 



Fig. 12 — Typical On*Resistance Vs. Drain Current 
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Fig. 14 — Power Vs. Temperature Derating Curve 
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UFN220 UFN221 UFN222 UFN223 


Fig. 15 — Clamped Inductive Test Circuit 


Fig. 16 - Clamped Inductive Waveforms 




Fig. 17 — Switching Time Test Circuit 



Fig. 18 - Gate Charge Test Circuit 
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POWER MOSFET TRANSISTORS 

200 Volt, 0.4 Ohm 
N-Channel 


UFN230 

UFN231 

UFN232 

UFN233 


DESCRIPTION 

The Unitrode power MOSFET design utilizes the most advanced technology available. 
This efficient design achieves a very low Roscon) and a high transconductance. 

The Unitrode power MOSFET features all of the advantages of MOS technology such as 
voltage control, freedom from second breakdown, very fast switching speeds, and 
• Excellent Temperature Stability thermal stability. 

These power MOSFETS are ideally suited for many high-speed, high-power switching 
applications such as switching power supplies, motor controls, and wide-band and 
audio amplifiers. 


FEATURES 

• Fast Switching 

• Low Drive Current 

• Ease of Paralleling 

• No Second Breakdown 


PRODUCT SUMMARY 


Part Number 

Vds 

RoSton) 

•d 

UFN230 

200V 

o.4n 

9.0A 

UFN231 

150 V 

o.4n 

9.0A 

UFN232 

200V 

0.60 

8.0A 

UFN233 

150 V 

0.60 

8.0A 


MECHANICAL SPECIFICATIONS 


UFN230 UFN231 UFN232 UFN233 


22 22 (0 8751 

3 42 

11 43 (0,450) 

1 6 35 W 250) 

(0 135) MAX * 

J L ] 


SEATING 

r 1 1 

TWO PLACES 


PLANE 

— 10.16(0 
TWOP 

40) MIN 
LACES 



Dimensions in Millimeters and (Inches) 
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UFN230 UFN231 UFN232 UFN233 



Parameter 

Vds 

Drain - Source Voltage © 

Vdgr 

Drain - Gate Voltage (Rgs = ^ '^D) © 

Id@Tc = 25‘>C 

Continuous Drain Current 

•d @ ^C “ ioo®c 

Continuous Drain Current 

'dm 

Pulsed Drain Current (D 

Vgs 

Gate - Source Voltage 

Pd(@Tc - 25°c 

Max. Power Dissipation 

Linear Derating Factor 

'lm 

Inductive Current, Clamped 

Tj 

Operating Junction and 

^stg 

Storage Temperature Range 

Lead Temperature 


±20 


75 (See Fig. 14) 


(See Fig. 14) 


(See Fig. 1 5 and 1 6) L = 1 0OfiH 
36 I 36 I 32 I 


-55 to 150 


300 (0.063 in. (1 .6mm) from case for 10s) 


ELECTRICAL CHARACTERISTICS @ Tq = 25°C (Unless otherwise specified) 



Parameter 


BVdss Drain - Source Breakdown Voltage 


VGS(th) Gate Threshold Voltage 


Iqss Gate-Source Leakage Forward 


G55 Gate-Source Leakage Reverse 


*DSS Voltage Drain Current 


iD(on) On-State Drain Current d) 




Test Conditions 


Vgs = ov 

Id = 250AtA 


VdS = Vgs« 'D = 250mA 


Vgs = -20V 


Vqs = Max. Rating, Vgs = OV 


V0S = Max. Rating x 0.8, Vqs = OV Tp = 125°C 


^DS(on) Static Drain-Source On-State 
Resistance d) 

UFN230 

UFN231 

- 

0.25 

0.4 

Q 


UFN232 

UFN233 

*Hil 


0.6 




'^DS '> 'D(on) ^DS(on) max.' ^GS ‘ 


Vgs = lov, Iq = 5.0A 


Vgs = ov, Vqs = 25 v, f = i .0 mhz 
S ee Fig. 10 


Vpp s. 90V, Ip » 5.0A. Zq = 150 
See Fig. 17 

(MOSFET switching times are essentially 
independent of operating temperature.) 


i 10V, U = 12A, Vn 


! 0.8 Max. Rating. 


See Fig. 18 for test circuit. (Gate charge is essentially 
independent of operating temperature.) 


Measured between 
the contact screw on 
header that is closer to 
source and gate pins 
and center of die. 


Internal Source Inductance 


THERMAL RESISTANCE 


RthJC Junction-to-Case 


RthCS Case-to-Sink 


I ^thJA Junction-to-Ambient 
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Free Air Operation 











































































































UFN230 UFN231 UFN232 UFN233 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


Is Continuous Source Current 

(Body Diode) 

UFN230 

UFN231 

- 

- 

9.0 

A 

Modified MOSFET symbol 

showing the integral 

reverse P-N junction rectifier. ^ 


- 

- 

8.0 

A 

*SM Pulse Source Current 

(Body Diode) (D 

UFN230 

UFN231 

- 

- 

36 

A 

UFN232 

UFN233 

- 

- 

32 

A 

Vso Diode Forward Voltage @ 

UFN230 

UFN231 

- 

- 

2.0 

V 

Tc = 25°C, Is = 9.0A, Vqs = OV 

UFN232 

UFN233 

- 

- 

1.8 

V 

Tc = 250 c, Is = 8.0A, Vqs = OV 

Reverse Recovery Time 

ALL 

- 


- 

ns 


Qrr Reverse Recovered Charge 

ALL 

- 

IQd 

- 

fiC 

Tj = 150°C, Ip = 9 .OA, dip/dt = 100A//iS | 

^on Forward Turn-on Time 

ALL 

Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Ls + Lq. | 


® Tj = 25°C to 1 50°C. ©Pulse Test: Pulse width < 300/iS, Duty Cycle < 2%. (D Repetitive Rating: Pulse width limited 

by max. junction temperature. 

See Transient Thermal Impedance Curve (Fig. 5). 

Fig. 1 — Typical Output Characteristics Fig. 2 — Typical Transfer Characteristics 
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Fig. 3 — Typical Saturation Characteristics 
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ZthJC(')/RthJC. normalized EFFECTIVE TRANSIENT 
THERMAL IMPEDANCE (PER UNIT) 


UFN230 UFN231 UFN232 UFN233 


Fig. 5 — Maximum Effective Transient Thermal Impedance, Junction -to-Case Vs. Pulse Duration 



ti, SQUARE WAVE PULSE DURATION (SECONDS) 


Fig. 6 — Typical Transconductance Vs. Drain Current Fig. 7 — Typical Source-Drain Diode Forward Voltage 



Fig. 8 — Breakdown Voltage Vs. Temperature Fig. 9 — Normalized On-Resistance Vs, Temperature 



Tj, JUNCTION TEMPERATURE (OC) Tj. JUNCTION TEMPERATURE (OC) 
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RoS(on). ORAIN-TO-SOURCE ON RESISTANCE (OHMS) C, CAPACITANCE (pF) 


UFN230 UFN231 UFN232 UFN233 


Fig. 10 — Typical Capacitance Vs. Drain-to-Source Voltage 
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Qg, TOTAL GATE CHARGE (nC) 

Fig. 13 — Maximum Drain Current Vs. Case Temperature 
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Fig. 14 — Power Vs. Temperature Derating Curve 
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UFN230 UFN231 UFN232 UFN233 


Fig. 15 — Clamped inductive Test Circuit 


Fig. 16 — Clamped Inductive Waveforms 





Fig. 17 — Switching Time Test Circuit 



Fig. 18 — Gate Charge Test Circuit 
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POWER MOSFET TRANSISTORS 

200 Volt, 0.2 Ohm 
N-Channel 


DESCRIPTION 

The Unitrode power MOSFET design utilizes the most advanced technology available. 
This efficient design achieves a very low Rosion) and a high transconductance. 

The Unitrode power MOSFET features all of the advantages of MOS technology such as 
voltage control/freedom from second breakdown, very fast switching speeds, and 
thermal stability. 

These power MOSFETS are ideally suited for many high-speed, high-power switching 
applications such as switching power supplies, motor controls, and wide-band and 
audio amplifiers. 


FEATURES 

• Fast Switching 

• Low Drive Current 

• Ease of Paralleling 

• No Second Breakdown 

• Excellent Temperature Stability 


UFN240 

UFN241 

UFN242 

UFN243 


PRODUCT SUMMARY 


Part Number 

Vds 

RDS(on) 

b 

UFN240 

200V 

0.180 

18A 

UFN241 

150 V 

0.18Q 

18A 

UFN242 

200V 

0.22Q 

16A 

UFN243 

150 V 

0.220 

16A 


MECHANICAL SPECIFICATIONS 


UFN240 UFN241 UFN242 UFN243 



Dimensions in Millimeters and (Inches) 
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UFN240 UFN241 UFN242 UFN243 


ABSOLUTE MAXIMUM RATINGS 


Parameter 

UFN240 

UFN241 

UFN242 

UFN243 

Units 

Vq 5 Drain - Source Voltage © 

200 

150 

200 

150 

V 

Vqqr Drain - Gate Voltage (Rqs ^ ® 

200 

150 

200 

150 

V 

Id @ ~ 25°C Continuous Drain Current 

18 

18 

16 

16 

A 

•d @ Tq = 100°C Continuous Drain Current 

11 

11 

10 

10 

A 

IqM Pulsed Drain Current (D 

72 

72 

64 

64 

A 

V(3s Gate - Source Voltage 

±20 

V 

Pd @ Tq = 25°C Max. Power Dissipation 

125 (See Fig. 14) 

W 

Linear Derating Factor 

1.0 (See Fig. 14) 

W/K 

Ili\/I Inductive Current, Clamped 

(See Fig. 1 5 and 1 6) L = 1 0Of^H 

72 1 72 1 64 1 64 

A 

Tj Operating Junction and 

Tg^g Storage Temperature Range 

-55 to 150 

®C 

Lead Temperature 

1 300 (0.063 in. ( 1 .6mm) from case for 1 0s) 

°C 


ELECTRICAL CHARACTERISTICS @ Tc = 25°C (Unless otherwise specified) 


1 Parameter 

Type 

Min. 

Typ. 

Max. 

Units 

Test Conditions 

bvdss 

Drain - Source Breakdown Voltage 

UFN240 

UFN242 

200 

- 

- 

V 

Vqs = OV 




UFN241 

UFN243 

150 

- 

- 

V 

Iq = 250/xA 


1 ^GS(th> Gate Threshold Voltage 

ALL 

2.0 

- 

4.0 

V 

^DS Vqs- 'd = 250;iA 

•gss 

Gate-Source Leakage Forward 

ALL 

- 

- 

100 

nA 

Vgs = 20V 

'gss 

Gate-Source Leakage Reverse 

ALL 

- 

- 

-100 

nA 

Vqs = -20V 

'dss 

Zero Gate Voltage Drain Current 

ALL 

- 


250 


^DS Max. Rating, V (35 

= OV 



- 

- 

1000 

mA 

Vqs = Max- Rating x 0.8, Vqs = OV, Tq = 125°C 

'D(on) 

On-State Drain Current (D 

UFN240 

UFN241 

18 



A 


. V^o = 10V 



UFN242 

UFN243 

16 

- 

- 

A 


RDS(on) Static Drain-Source On-State 
Resistance (2) 

UFN240 

UFN241 

- 

0.14 

0.18 

n 

Vqs = 10V, Id = 10A 



UFN242 

UFN243 

- 

0.20 

0.22 

fi 

gfs 

Forward Transconductance (D 

ALL 

6.0 

9.0 

- 

S(0) 

^DS > 'D(on) ^ ^DS(on) max.' 'd = 

Giss 

Input Capacitance 

ALL 

~ 

1275 

1600 

pF 

Vqs = OV, Vds = 25V, f 
See Fig. 10 

= 1.0 MHz 

Goss 

Output Capacitance 

ALL 

- 

500 

750 

PF 

Grss 

Reverse Transfer Capacitance 

ALL 

- 

160 

300 

pF 


^d(on) 

Turn-On Delay Time 

ALL 

- 

16 

30 

ns 

Vpp ^ 75V, Ip = 10A, Z 

0 = 

t^ Rise Time 

ALL 

- 

27 

60 

ns 

See Fig. 17 


td(off) 

Turn-Off Delay Time 

ALL 

- 

40 

80 

ns 

(MOSFET switching times are essentially 

tf 

Fall Time 

ALL 

- 

31 

60 

ns 

independent of operating temperature ) 

Qg 

Total Gate Charge 
(Gate-Source Plus Gate-Dram) 

ALL 

- 

43 

1 60 

nC 

Vgs= 10V,Id = 22A,V 
See Fig. 1 8 for test circuit 

pg = 0.8 Max. Rating. 

(Gate charge is essentially 

Qgs 

Gate-Source Charge 

ALL 

- 

16 

- 


independent of operating temperature.) 

Ggd 

Gate-Drain ("Miller") Charge 

ALL 

- 

27 

- 

1 

nC 



Ld 

Internal Drain Inductance 

ALL 


5.0 


nH 

Measured between 
the contact screw on 
header that is closer to 
source and gate pins 
and center of die. 

Modified MOSFET 
symbol showing the 
internal device 
inductances. 

LS 

Internal Source inductance 

ALL 


12.5 


nH 

Measured from the 
source pin, 6 mm 
(0.25 in.) from header 
and source bonding 
pad. 



THERMAL RESISTANCE 


RthJC 

Junction-to-Case 

ALL 

- 

- 

1.0 

K/W 


RthCS 

Case-to-Sink 

ALL 

- 

0.1 


K/W 

Mounting surface flat, smooth, and greased. 

RthJA 

Junction-to- Ambient 

ALL 

- 

- 

30 

K/W 

Free Air Operation 
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UFN240 UFN241 UFN242 UFN243 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


I5 Continuous Source Current 

(Body Diode) 

UFN240 

UFN241 

- 

- 

18 

A 

Modified MOSFET symbol 
showing the integral 
reverse P-N junction rectifier. 

UFN242 

UFN243 

- 

- 

16 

A 

Ism Pulse Source Current 

(Body Diode) ® 

UFN240 

UFN241 

- 

- 

72 

A 

UFN242 

UFN243 

- 

- 

64 

A 

VsD Diode Forward Voltage ® 

UFN240 

UFN241 

- 

- 

2.0 

V 

Tc = 25‘’C, Is = 18A, Vqs = OV 

UFN242 

UFN243 

- 

- 


V 

Tc = 25‘’C, Is = 16A, Vqs = OV 

t^r Reverse Recovery Time 

ALL 

- 

1 ^^ 

- 

ns 

Tj = 150®C, Ip = 18A, dip/dt = 100A///S 

Qrr Reverse Recovered Charge 

ALL 

- 

L4J 

- 

nC 

Tj = 150®C, Ip = 18A, dIp/dt = IGOA/ms 

ton Forward Turn-on Time 

ALL 

Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Ls + l-[) j 


©Tj = 25°C to 1 50°C. ©Pulse Test: Pulse width < 300^s, Duty Cycle < 2%. d) Repetitive Rating: Pulse width limited 

by max. junction temperature. 

See Transient Thermal Impedance Curve (Fig. 5). 


Fig. 1 — Typical Output Characteristics 



Vqs, ORAIN-TO-SOURCE voltage (VOLTS) 


Fig, 2 — Typical Transfer Characteristics 



0 2 4 6 8 10 

Vqs, GATE-TO-SOURCE voltage (VOLTS) 


Fig. 3 — Typical Saturation Characteristics 



0 1 2 3 4 5 

Vqs, DRAIN-TO-SOURCE voltage (VOLTS) 


Fig. 4 — Maximum Safe Operating Area 



1 0 2 5 10 20 50 100 200 500 


Vqs, ORAIN-TO-SOURCE VOLTAGE (VOLTS) 
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ZthJC<*)/”thJC< normalized EFFECTIVE TRANSIENT 
THERMAL IMPEDANCE (PER UNIT) 


UFN240 UFN241 UFN242 UFN243 


Fig. 5 — Maximum Effective Transient Thermal Impedance, Junction-to-Case Vs. Pulse Duration 




Fig. 6 — Typical Transconductance Vs. Drain Current 



Id, drain CURRENT (AMPERES) 


Fig. 7 — Typical Source-Drain Diode Forward Voltage 



VsD, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 


Fig. 8 — Breakdown Voltage Vs. Temperature 



-40 0 40 80 120 160 

Tj, JUNCTION TEMPERATURE (OC) 


Fig. 9 — Normalized On-Resistance Vs. Temperature 



Tj, JUNCTION TEMPERATURE {°C) 
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Rosion). DRAIN-TO-SOURCE ON RESISTANCE (OHMS) 


UFN240 UFN241 UFN242 UFN243 


Fig. 10 — Typical Capacitance Vs. Drain-to-Source Voltage Fig. 11 — Typical Gate Charge Vs. Gate-to-Source Voltage 



0 5 10 15 20 25 30 35 40 45 50 0 20 40 60 80 


Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Qg. TOTAL GATE CHARGE (nC) 


Fig. 12 - Typical On-Resistance Vs. Drain Current Fig. 13 — Maximum Drain Current Vs. Case Temperature 



Iq, drain CURRENT (AMPERES) Tq, CASE TEMPERATURE (“O 


Fig. 14 — Power Vs. Temperature Derating Curve 



Tc, CASE TEMPERATURE (OC) 
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Vqs 


UFN240 UFN241 UFN242 UFN243 


Fig. 15 — Clamped Inductive Test Circuit 



Fig. 16 — Clamped Inductive Waveforms 



Fig. 17 — Switching Time Test Circuit 



Fig. 18 - Gate Charge Test Circuit 
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POWER MOSFET TRANSISTORS 

200 Volt, 0.085 Ohm 
N-Channel 


UFN250 

UFN251 

UFN252 

UFN253 


FEATURES 

• Fast Switching 

• Low Drive Current 

• Ease of Paralleling 

• No Second Breakdown 

• Excellent Temperature Stability 


DESCRIPTION 

The Unitrode power MOSFET design utilizes the most advanced technology available. 
This efficient design achieves a very low Rosion) and a high transconductance. 

The Unitrode power MOSFET features all of the advantages of MOS technology such as 
voltage control, freedom from second breakdown, very fast switching speeds, and 
thermal stability. 

These power MOSFETS are ideally suited for many high-speed, high-power switching 
applications such as switching power supplies, motor controls, and wide-band and 
audio amplifiers. 


PRODUCT SUMMARY 


Part Number 

Vds 

RDS(on) 

Id 

UFN250 

200V 

0.0850 

30A 

UFN251 

150 V 

0.0850 

30A 

UFN252 

200V 

0.1200 

25A 

UFN253 

150 V 

0.1200 

25A 


MECHANICAL SPECIFICATIONS 


UFN250 UFN251 UFN252 UFN253 



Dimensions in Millimeters and Unches) 



4/83 
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UFN250 UFN251 UFN252 UFN253 


ABSOLUTE MAXIMUM RATINGS 


Parameter 

UFK|250 

UFN251 

UFN252 

UFN253 

Units 

Vqs Drain - Source Voltage © 

200 

150 

200 

150 

V 


200 

150 

200 

150 

V 

•d @ ~ 25°C Continuous Drain Current 

30 

30 

25 

25 

A 

Id@Tc ~ 100°C Continuous Drain Current 

19 

19 

16 

16 

A 

IqM Pulsed Drain Current (3) 

120 

120 

100 

100 

A 

V (35 Gate - Source Voltage 

±20 

V 

Pd @ ^C = 25°C Max. Power Dissipation 

150 (See Fig. 14) 

W 

Linear Derating Factor 

1.2 (See Fig. 14) 

W/K 

IlM Inductive Current, Clamped 

(See Fig. 1 5 and 1 6) L = 1 0O^iH 

120 j 120 1 100 1 100 

A 

Tj Operating Junction and 

Tgtg Storage Temperature Range 

-55 to 150 

°C 

Lead Temperature 

300 (0.063 in. ( 1 .6mm) from case for 1 0s) 

°C 


ELECTRICAL CHARACTERISTICS @ Tq = 25°C (Unless otherwise specified) 


Parameter 

Type 

MM 



Units 

Test Conditions 

BVdss Drain - Source Breakdown Voltage 

UFN250 

UFN252 


■ 

- 

V 

Vgs = ov 

Iq = 2 50// A 

UFN251 

UFN253 


■ 

- 

V 

VGS(th) ^3te Threshold Voltage 

ALL 

2.0 

- 

4.0 

V 

Vds = Vgs. ‘d = 250mA 

*GSS Gate-Source Leakage Forward 

ALL 

- 

- 

100 

nA 

Vgs = 20V 

*GSS Gate-Source Leakage Reverse 

ALL 

- 

- 

-100 

nA 

Vgs = -20V 

loss Zero Gate Voltage Drain Current 

ALL 

- 

- 

250 

^iA 

Vqs = Max. Rating, Vgs ~ DV 

- 

- 

1000 

aA 

Vds = Max. Rating x 0.8, Vgs = OV, Tq = 1 25°C 

'D(on) On-State Drain Current (D 

UFN250 

UFN251 

30 

- 

- 

A 

VdS ^ 'D(on) ^DS(on) max.' VqS = ‘'^V 

UFN252 

UFN253 

25 

- 

- 

A 

RDS(on) Static Drain-Source On-State 
Resistance Q) 

UFN250 

UFN251 

- 

0.07 

0.085 

ft 

Vgs = lov. Id = i6a 

UFN252 

UFN253 

- 

0.09 

0.120 

ft 

gfs Forward Transconductance (D 

ALL 

8.0 

14 

- 

S(B) 

^DS ^ 'D(on) ^DS(on) max.' 'd = 

Cjss Input Capacitance 

ALL 

- 

2000 

3000 

pF 

Vgs = ov, Vqs = 25v, f = i .0 mhz 

See Fig, 1 0 

Cqss Output Capacitance 

ALL 

- 

800 

1200 

PF 

Crss Reverse Transfer Capacitance 

ALL 

- 

300 

500 

pF 

td(on) Turn-On Delay Time 

ALL 

- 

- 

35 

ns 

Vdd “ 95V, Ip = 16A, Zq = 4.7fi 

See Fig. 17 

(MOSFET switching times are essentially 
independent of operating temperature.) 

tf Rise Time 

ALL 

- 

- 

100 

ns 

td(off) Turn-Off Delay Time 

ALL 

- 

- 

125 

ns 

tf Fall Time 

ALL 

- 

- 

100 

ns 

Qg Total Gate Charge 

(Gate-Source Plus Gate-Drain) 

ALL 

- 

79 

120 

nC 

Vg 3 = 10V, Ip = 38A, Vpg = 0.8 Max. Rating. 

See Fig. 18 for test circuit. (Gate charge is essentially 
independent of operating temperature.) 

Qgs Gate-Source Charge 

ALL 

- 

37 

- 

nC 

Qgd Gate-Drain ("Miller") Charge 

ALL 


42 

- 

nC 

Lq Internal Drain Inductance 

ALL 

1 

5.0 

! 

nH 

Measured between 
the contact screw on 
header that is closer to 
source and gate pins 
and center of die. 

Modified MOSFET 
symbol showing the 
internal device 
inductances. 

Ls Internal Source Inductance 

ALL 


12.5 


nH 

Measured from the 
source pin, 6 mm 
(0.25 in.) from header 
and source bonding 
pad. 


THERMAL RESISTANCE 


^thJC 

Junction-to-Case 

ALL 

- 

- 


HSBI 


RthCS 

Case-to-Sink 

ALL 

- 

0.1 

- 

K/W 

Mounting surface flat, smooth, and greased. 

F^thJA 

Junction-to-Ambient 

ALL 

- 

- 

30 

K/W 

Free Air Operation 
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UFN250 UFN251 UFN252 UFN253 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


I 3 Continuous Source Current 

(Body Diode) 

UFN250 

UFN251 


- 

— 

30 

— 

A 

Modified MOSFET symbol 
showing the integral 
reverse P-N junction rectifier. 

UFN252 

UFN253 

- 

- 

25 

A 

^SM Pulse Source Current 

(Body Diode) ® 

UFN250 

UFN251 

- 

- 

120 

A 

UFN252 

UFN253 

- 

- 

100 

A 

VsD Diode Forward Voltage ® 

UFN250 

UFN251 

- 

- 

2.0 

V 

Tc = 25°C, Is = 30A, Vqs = OV 

UFN252 

UFN253 

- 

- 

1.8 

V 

Tc = 25°C, Is = 25A, Vqs = OV 

tj-r Reverse Recovery Time 

ALL 

- 

750 

- 

ns 

Tj = 150®C,lp = 30A, dip/dt = IOOA/ms 

QrP Reverse Recovered Charge 

ALL 

- 

4.7 

- 

fiC 

Tj = IBO^C, Ip = 30A, dIp/dt = 100A//XS 

^on Forward Turn-on Time 

ALL 

Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by L 5 + Lp. j 


® Tj = 25°C to 1 50®C. (DPulse Test: Pulse width < 300 ms, Duty Cycle < 2%. (D Repetitive Rating; Pulse width limited 

by max. junction temperature. 

See Transient Thermal Impedance Curve (Fig. 5). 


Fig. 1 — Typical Output Characteristics 



Vos, ORAtN-TO-SdURCE VOLTAGE (VOLTS) 


Fig, 2 — Typical Transfer Characteristics 



0 1 2 3 4 5 6 7 8 


Vqs, gate to source voltage (VOLTS) 



0 0.4 0.8 1.2 1.6 2.0 


Vos, ORAIN-TO SOURCE VOLTAGE (VOLTS) 



Vos, drain TO-SOURCE voltage (VOLTS) 
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BVqss, drain to source breakdown voltage 

(NORMALIZED) TRANSCONDUCTANCE (SIEMENS) 


UFN250 UFN251 UFN252 UFN253 


Fig. 5 - Maximum Effective Transient Thermal Impedance, Junction-to-Case Vs. Pulse Duration 





0 10 20 30 40 50 


Id, DRAIN CURRENT (AMPERES) 

Fig. 8 — Breakdown Voltage Vs. Temperature 



Fig. 7 — Typical Source-Drain Diode Forward Voltage 



VsD< SOURCE-TO-DRAIN VOLTAGE (VOLTS) 

Fig. 9 — Normalized On-Resistance Vs. Temperature 



Tj, JUNCTION TEMPERATURE (OC) 
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RoS(on). DRAIN-TO-SOURCE ON RESISTANCE (OHMS) C, CAPACITANCE (pF) 


UFN250 UFN251 UFN252 UFN253 



0 10 20 30 40 50 

Vqs, ORAIN TO-SOURCE VOLTAGE (VOLTS) 


Fig. 11 — Typical Gate Charge Vs. Gate-to-Source Voltage 



0 28 56 84 112 140 

Qg, TOTAL GATE CHARGE (nC) 


•ig. 12 — Typical On-Resistance Vs. Drain Current 







R0S( 

CUR 

1 1 

on) MEASURED WITH 
^ENT PULSE OF 
DURATION 

AL Tj = 250 c 

TING EFFECT OF 2 Ojus 




10V 


— 2.0 M 

INIT 

(HEA 

— PULS 




























J 











r 

/GS = 20 

V 


- 










0 40 80 120 160 



Iq, drain current (AMPERES) 


Tc, CASE TEMPERATURE (“C) 


Fig. 14 — Power Vs. Temperature Derating Curve 



0 20 40 60 80 100 120 140 

Tc' CASE TEMPERATURE (<>0 
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UFNF250 UFNF251 UFNF252 UFNF253 


Fig. 15 — Clamped Inductive Test Circuit 


Fig. 16 — Clamped Inductive Waveforms 



Fig. 17 — Switching Time Test Circuit 



Fig. 18 - Gate Charge Test Circuit 
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POWER MOSFET TRANSISTORS 

400 Volt, 1.8 Ohm 
N-Channel 


UFN320 

UFN321 

UFN322 

UFN323 


FEATURES DESCRIPTION 

• Fast Switching The Unitrode power MOSFET design utilizes the most advanced technology available. 

• Low Drive Current This efficient design achieves a very low Roston) and a high transconductance. 

• Ease of Paralleling jhe Unitrode power MOSFET features all of the advantages of MOS technology such as 

• No Second Breakdown voltage control, freedom from second breakdown, very fast switching speeds, and 

• Excellent Temperature Stability thermal stability. 

These power MOSFETS are ideally suited for many high-speed, high-power switching 
applications such as switching power supplies, motor controls, and wide-band and 
audio amplifiers. 


PRODUCT SUMMARY 


Part Number 

Vds 

^DSton) 

•d 

UFN320 

400V 

1.80 

3.0A 

UFN321 

350V 

1.80 

3.0A 

UFN322 

400V 

2.50 

2.5A 

UFN323 

350V 

2.50 

2.5A 


MECHANICAL SPECIFICATIONS 


UFN320 UFN321 UFN322 UFN323 


22.22 (0 875) 

MAX aiA II 43 I 


35) MAX h 

J 

~ — 1 

635(0: 

urt 


nzl 


SEATING 

PLANE 


Mi "HI 


10.16 (0.40) MIN 
TWO PLACES 



Dimensions in Millimeters and (Inches) 




UNITRODE 
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UFN320 UFN321 UFN322 UFN323 


ABSOLUTE MAXIMUM RATINGS 


Parameter 

UFN320 

UFN321 

UFN322 

UFN323 

Units 

Vds 

Drain - Source Voltage © 

400 

350 

400 

350 

V 

VpGR 

Drain - Gate Voltage (Rgs = 1 ® 

400 

350 

400 

350 

V 

Id @ Tc = 25°C 

Continuous Drain Current 

3.0 

3.0 

2.5 

2.5 

A 

Id @ ~ ^ oo°c 

Continuous Drain Current 

2.0 

2.0 

1.5 

1.5 

A 

'dm 

Pulsed Drain Current (3) 

12 

12 

10 

10 

A 

Vqs 

Gate - Source Voltage 

±20 

V 

Pd@Tc = 25°c 

Max. Power Dissipation 

40 (See Fig. 14) 

W 

Linear Derating Factor 

0.32 (See Fig. 14) 

W/K 

•lm 

Inductive Current, Clamped 

12 

(See Fig. 1 5 and 1 6) L = 1 0OfiH 
12 ^ 10 

10 

A 

Tj 

^stg 

Operating Junction and 

Storage Temperature Range 

-55 to 150 


Lead Temperature 

300 (0.063 in. ( 1 .6mm) from case for 1 0s) 




ELECTRICAL CHARACTERISTICS @ Tc = 25“C (Unless otherwise specified) 


Parameter 

Type 

KDIi 

IBH 


Units 

Test Conditions 

BVdss Drain - Source Breakdown Voltage 



■ 


V 

Vqs = ov 

Iq = 250^A 


350 

- 

- 


VGS(th) Threshold Voltage 

ALL 

2.0 

- 

IH^IQII 

V 

VdS = Vqs. 'd = 250mA 

Iqss Gate-Source Leakage Forward 

ALL 

- 

- 

IBBB 

nA 

Vqs = 20V 

'gSS Gate-Source Leakage Reverse 

ALL 

- 

- 


nA 

Vqs = -20V 

'DSS 2ero Gate Voltage Drain Current 

ALL 

- 

- 

ii^Bi 

aA 

VdS ~ Vqs = OV 

- 

- 

103 

aA 

Vds = Max. Rating X 0.8, Vqs = OV, Tq = 125°C 

iD(on) On-State Drain Current (D 

UFN320 

UFN321 

3.0 

- 

- 

A 

^DS ^ 'D(on) ^ ^DS(on) max.' '^GS “ 

UFN322 

UFN323 

2.5 

- 

- 

A 

RDS(on) Static Drain-Source On-State 

Resistance @ 

UFN320 

UFN321 

- 


1.8 

n 

Vqs = 10V, Id = 1.5A 

UFN322 

UFN323 

- 

1.8 

m 


gfg Forward Transconductance ( 2 ) 

ALL 

1.0 

2.0 

- 

S(0) 

'^DS ^ 'D(on) ^DS(on) max.' 'd * 1 

Oiss Input Capacitance 

ALL 

- 



PF 

Vqs = OV, Vds = 25V, f = 1 .0 MHz 

See Fig. 10 

Dqss Output Capacitance 

ALL 

- 

1^31 

11^031 

PF 

Crss Reverse Transfer Capacitance 

ALL 

- 

EB 

mm 

pF 

td(on) Turn-On Delay Time 

ALL 

- 


40 

ns 

Vdd = 0.5 BVdss, ip = i.5a,Zd = 5on 

See Fig. 1 7 

(MOSFET switching times are essentially 
independent of operating temperature.) 

tf Rise Time 

ALL 

- 

ra 

IE3II 

ns 

td(off) Turn-Off Delay Time 

ALL 

- 

mm 

HjQI 

ns 

tf Fall Time 

ALL 

- 

mm 


ns 

Qg Total Gate Charge 

(Gate-Source Plus Gate Drain) 



B 



Vqs = 10V, Ip = 4.0A, Vps = 0.8 Max. Rating. 

See Fig. 1 8 for test circuit. (Gate charge is essentially 
independent of operating temperature.) 


ALL 

- 

IQH 

- 

nC 



- 

IHQI 

- 

nC 

Lq Internal Dram Inductance 

1 

1 

5.0 

1 

nH 

Measured between 
the contact screw on 
header that is closer to 
source and gate pins 
and center of die. 

Modified MOSFET 
symbol showing the 
internal device 
inductances. 

Ls Internal Source Inductance 


1 


1 

nH 

Measured from the 
source pin, 6 mm 
(0.25 in.) from header 
and source bonding 
pad. 


THERMAL RESISTANCE 


Rthjc 

Junction-to-Case 

ALL 

- 

- 

3.12 

K/W 


RthCS 

Case-to-Sink 

ALL 

- 

0.1 

- 

K/W 

Mounting surface flat, smooth, and greased. 

RthJA 

Junction-to-Ambient 

ALL 

- 

- 

30 

K/W 

Free Air Operation 
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UFN320 UFN321 UFN322 UFN323 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


1$ Continuous Source Current 

(Body Diode) 

UFN320 

UFN321 

- 

- 

3.0 

A 

Modified MOSFET symbol 
showing the integral 

reverse P-N junction rectifier. _ 

UFN322 

UFN323 

- 

- 

2.5 

B 

iSivi Pulse Source Current 

(Body Diode) © 


- 

- 

12 

B| 

UFN322 

UFN323 

- 

- 

m 

A 

Vgo Diode Forward Voltage © 

UFN320 

UFN321 

■ 

m 

m 

V 

Tc = 25®C, Is = 3.0A, Vqs = OV 

UFN322 

UFN323 

■ 

- 

1.5 

V 

Tc = 25®C,ls = 2.5A, Vqs = OV 

tff Reverse Recovery Time 

ALL 

- 

K&SI 

- 

ns 

Tj * 150®C, Ip = 3.0A, dip/dt = 100A/^s 

Qpf) Reverse Recovered Charge 

ALL 

- 

ED 

- 

aC 

Tj * 150®C, Ip = 3.0A, dlp.'dt * IGOA/^s 

ton Forward Turn-on Time 

ALL 

Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Ls + Lq. j 


(DTj = 25®C to 1 50®C. ©Pulse Test; Pulse width < 300^s, Duty Cycle < 2% d) Repetitive Rating: Pulse width limited 

by max. junction temperature. 

See Transient Thermal Impedance Curve (Fig. 5). 


Fig. 1 — Typical Output Characteristics 



0 4 8 12 16 2D 


Vos. drain TO SOURCE VOLTAGE (VOLTS) 



0 1 2 3 4 5 6 

Vqs, gate to source voltage (VOLTS) 


Fig. 3 — Typical Saturation Characteristics 



Vqs, DRAIN-TO SOURCE voltage (VOLTS) 



1 0 2 5 10 20 50 100 200 500 

Vqs. DRAIN-TO SOURCE VOLTAGE (VOLTS) 
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ZthJc(t)/RthJC. normalized effective transient 

THERMAL IMPEDANCE (PER UNIT) 


UFN320 UFN321 UFN322 UFN323 


Fig. 5 — Maximum Effective Transient Thermal Impedance, Junction-to-Case Vs. Pulse Duration 



ti, SQUARE WAVE PULSE DURATION (SECONDS) 



Fig. 6 — Typical Transconductance Vs. Drain Current 




0 12 3 4 

Vsq.SOURCE-TO DRAIN voltage (VOLTS) 


Fig. 8 — Breakdown Voltage Vs. Temperature 


Fig. 9 — Normalized On-Resistance Vs. Temperature 
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Tj, JUNCTION TEMPERATURE (OC) 
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Ros(on). DRAIN-TO-SOURCE ON RESISTANCE (OHMS) 


UFN320 UFN321 UFN322 UFN323 


Fig. 10 — Typical Capacitance Vs. Drain-to-Source Voltage Fig. 11 — Typical Gate Charge Vs. Gate-to-Source Voltage 



0 10 20 30 40 50 0 4 8 12 16 20 

Vqs, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Qg- TOTAL GATE CHARGE (nC) 


Fig. 12 — Typical On-Resistance Vs. Drain Current Fig. 13 — Maximum Drain Current Vs. Case Temperature 



Iq, drain current (AMPERES) Tq, CASE TEMPERATURE (^C) 


Fig. 14 — Power Vs. Temperature Derating Curve 



0 20 40 60 80 100 120 140 

Tc, CASE TEMPERATURE (OC) 
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UFN320 UFN321 UFN322 UFN323 



Fig. 17 — Switching Time Test Circuit 



Fig. 18 — Gate Charge Test Circuit 
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POWER MOSFET TRANSISTORS 

400 Volt, 1.0 Ohm 
N-Channel 


UFN330 

UFN331 

UFN332 

UFN333 


FEATURES 

• Fast Switching 

• Low Drive Current 

• Ease of Paralleling 

• No Second Breakdown 

• Excellent Temperature Stability 


DESCRIPTION 

The Unitrode power MOSFET design utilizes the most advanced technology available. 
This efficient design achieves a very low Roston) and a high transconductance. 

The Unitrode power MOSFET features all of the advantages of MOS technology such as 
voltage control, freedom from second breakdown, very fast switching speeds, and 
thermal stability. 

These power MOSFETS are ideally suited for many high-speed, high-power switching 
applications such as switching power supplies, motor controls, and wide-band and 
audio amplifiers. 


PRODUCT SUMMARY 


Part Number 

Vds 

RDS(on) 

Id 

UFN330 

400V 

l.OQ 

5.5A 

UFN331 

350V 

l.OQ 

5.5A 

UFN332 

400V 

1.5Q 

4.5A 

UFN333 

350V 

1.50 

4.5A 


MECHANICAL SPECIFICATIONS 


UFN330 UFN331 UFN332 UFN333 


3.42 

(0 135) MAX 


22,22 (0 875) 

MAX DIA 11 43(0 450) 
L J 6 35 (0 250) 


1 


SEATING 

PLANE 




10 16 (0.40) MIN. 
TWO PLACES 



Dimensions in Millimeters and (inches) 
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UFN330 UFN331 UFN332 UFN333 


ABSOLUTE MAXIMUM RATINGS 


Parameter 

UFN330 

UFN331 

UFN332 

UFN333 

Units 

Vq 3 Drain - Source Voltage © 

400 

350 

400 

350 

V 

Vqqr Drain - Gate Voltage (RqS ^ ® 

400 

350 

400 

350 

V 

Id @ “ 25°C Continuous Drain Current 

5.5 

5.5 

4.5 

4.5 

A 

Id @ ^C “ 'IOO°C Continuous Drain Current 

3.5 

3.5 

3.0 

3.0 

A 

Ipi^ Pulsed Drain Current (© 

22 

22 

18 

18 

A 

Vqs Gate - Source Voltage 

±20 

V 

^D @ ^C “ 25°C Max. Power Dissipation 

75 (See Fig. 14) 

W 

Linear Derating Factor 

0.6 (See Fig. 14) 

W/K 

IlM Inductive Current, Clamped 

(See Fig. 1 5 and 1 6) L = 1 00/xH 

22 1 22 1 18 1 18 

A 

Tj Operating Junction and 

Tg^g Storage Temperature Range 

-55 to 150 

°C 

Lead Temperature 

300 (0.063 in. (1 .6mm) from case for 10s) 

°C 


ELECTRICAL CHARACTERISTICS @Tc = 25° C (Unless otherwise specified) 


I Parameter 

Type 

Min. 

Typ. 

Max. 

Units 

Test Conditions 

BVpss 

Drain - Source Breakdown Voltage 

UFN330 

UFN332 

400 

- 

- 

V 

vgs = ov 




UFN331 

UFN333 

350 

- 

- 

V 

Ip - 250 mA 


1 VQS(th) Threshold Voltage 

ALL 

2.0 

- 

4.0 

V 

Vds = Vqs. Id = 250^A 

'gss 

Gate-Source Leakage Forward 

ALL 

- 

- 

100 

nA 

Vqs = 20V 

'gss 

Gate-Source Leakage Reverse 

ALL 

- 

- 

-100 

nA 

Vgs - -20V 

idss 

Zero Gate Voltage Drain Current 

ALL 

- 

- 

250 

IxA 

Vps = Max. Rating, Vgs 

= OV 



- 

- 

1000 

aA 

Vps = Max- Rating x 0.8, Vqs = OV, Tq = 1 25°C 

iD(on) 

On-State Drain Current ® 

UFN330 

UFN331 

5.5 

- 

— 

A 


, Voo = 10V 



UFN332 

UFN333 

4.5 

- 

- 

A 


RDS(on) Static Drain-Source On-State 

Resistance (D 

UFN330 

UFN331 

- 

0.8 

1.0 

fi 

Vqs = 10V, Ip = 3.0A 



UFN332 

UFN333 

- 

1.0 

1.5 

Q 

Qfs 

Forward Transconductance © 

ALL 

3.0 

4.0 

- 

S(0) 

^DS ^ 'D(on) ^DS(on) max.' 'd = 

^iss 

Input Capacitance 

ALL 

- 

700 

900 

pF 

Vqs = OV, Vps = 25V, f 
See Fig. 10 

= 1.0 MHz 

^oss 

Output Capacitance 

ALL 

- 

150 

300 

pF 

^rss 

Reverse Transfer Capacitance 

ALL 

- 

40 

80 

pF 


^d(on) 

Turn-On Delay Time 

ALL 

- 

- 

30 

ns 

Vpp = 1 75V, Ip = 3.0A, Zq = 1 50 

tr 

Rise Time 

ALL 

- 

- 

35 

ns 

See Fig. 1 7 


^d(off) 

Turn-Off Delay Time 

ALL 

- 

- 

55 

ns 

(MOSFET switching times are essentially 

tf 

Fall Time 

ALL 


- 

35 

ns 

independent of operating temperature.) 

Qg 

Total Gate Charge 
(Gate-Source Plus Gate-Dram) 

ALL 


18 

30 

nC 

j 

Vgs ~ ’d “ 2.0A, Vpg = 0.8 Max. Rating. 

See Fig. 1 8 for test circuit. (Gate charge is essentially 

Qgs 

Gate- Source Charge 

ALL 

- 

1 1 

- 

nC 

independent of operating temperature.) 

^gd 

Gate-Drain ("Miller”) Charge 

ALL 

- 

7.0 

i - 

nC 



l-D 

Internal Drain Inductance 

ALL 


5.0 


nH 

Measured between 
the contact screw on 
header that is closer to 
source and gate pins 
and center of die. 

Modified MOSFET 
symbol showing the 
internal device 
inductances. 

i-s 

Internal Source Inductance 

ALL 


12.5 


nH 

Measured from the 
source pin, 6 mm 
(0.25 in.) from header 
and source bonding 
pad. 



THERMAL RESISTANCE 


BthJC 

Junction-to-Case 

ALL 

- 

- 

1.67 

K/W 


RthCS 

Case-to-Sink 

ALL 

- 

0.1 

- 

K/W 

Mounting surface flat, smooth, and greased. 

RthJA 

Junction-to-Ambient 

ALL 

- 

- 

30 

K/W 

Free Air Operation 
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UFN330 UFN331 UFN332 UFN333 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


Is Continuous Source Current 

(Body Diode) 

UFN330 

UFN331 

— 


Ql 

A 

Modified MOSFET symbol 
showing the integral 
reverse P-N junction rectifier. 

UFN332 

UFN333 

- 


D 

A 

*SM Pulse Source Current 

(Body Diode) Q) 

UFN330 

UFN331 

- 

- 

22 

A 

UFN332 

UFN333 

- 

- 

18 

A 

VsD Diode Forward Voltage © 

UFN330 

UFN331 

- 

- 


V 

Tc = 250 c, Is = 5.5A, Vqs = OV 

UFN332 

UFN333 

- 

- 

1.5 

V 

Tc = 25°C, Is = 4.5A, Vqs = OV 

trr Reverse Recovery Time 

ALL 

- 


- 

ns 

Tj = IBO^C, Ip = 5.5A, dip/dt = 100A//iS 

Qrr Reverse Recovered Charge 

ALL 

- 

■SI 

- 

aC 

Tj = 150®C, Ip = 5.5A, dIp/dt = 100 A/ms 

tQp Forward Turn-on Time 

ALL 

Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Ls + Lq. | 


®Tj = 25°C to 1 50°C. (DPulse Test: Pulse width < 300/iS, Duty Cycle < 2%. (D Repetitive Rating: Pulse width limited 

by max. junction temperature. 

See Transient Thermal Impedance Curve (Fig. 5). 


Fig. 1 — Typical Output Characteristics 


Fig. 2 — Typical Transfer Characteristics 
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Vqs, GATE TO SOURCE voltage (VOLTS) 


Fig. 3 — Typical Saturation Characteristics 



0 2 4 6 8 10 

Vqs, ORAIN-TO SOURCE VOLTAGE (VOLTS) 


Fig. 4 — Maximum Safe Operating Area 



Vqs, DRAII^-TO-SOURCE VOLTAGE (VOLTS) 
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UFN330 UFN331 UFN332 UFN333 


Fig. 5 — Maximum Effective Transient Thermal Impedance, Junction-to-Case Vs. Pulse Duration 



Fig. 6 — Typical Transconductance Vs. Drain Current 



Fig. 8 — Breakdown Voltage Vs. Temperature 



Tj, JUNCTION TEMPERATURE (OC) 


Fig. 7 — Typical Source-Drain Diode Forward Voltage 



Vso, SOURCE TO DRAIN VOLTAGE (VOLTS) 



-40 0 40 80 120 

Tj. JUNCTION TEMPERATURE (°C) 
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RDS(on). DRAIN-TO SOURCE ON RESISTANCE (OHMS) 


Fig. 10 — Typical Capacitance Vs. 


Fig. 11 


UFN330 UFN331 UFN332 UFN333 


— Typical Gate Charge Vs. Gate-to-Source Voltage 




0 8 16 24 32 40 


Vqs, ORAIN TO-SOURCE voltage (VOLTS) 


Qg, TOTAL GATE CHARGE (nC) 


Fig. 12 — Typical On-Resistance Vs. Drain Current 



0 5 10 15 20 25 30 



Iq, ORAIN current (AMPERES) 


Tc, CASE TEMPERATURE (OC) 


Fig. 14 — Power Vs. Temperature Derating Curve 
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Tc, CASE TEMPERATURE (OC) 
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UFN330 UFN331 UFN332 UFN333 


Fig. 15 — Clamped Inductive Test Circuit 


Fig. 16 — Clamped Inductive Waveforms 





Fig. 17 — Switching Time Test Circuit 



Fig. 18 — Gate Charge Test Circuit 
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POWER MOSFET TRANSISTORS 

400 Volt, 0.55 Ohm 
N-Channel 


UFN340 

UFN341 

UFN342 

UFN343 


FEATURES 

• Fast Switching 

• Low Drive Current 

• Ease of Paralleling 

• No Second Breakdown 

• Excellent Temperature Stability 


DESCRIPTION 

The Unitrode power MOSFET design utilizes the most advanced technology available. 
This efficient design achieves a very low Roscon) and a high transconductance. 

The Unitrode power MOSFET features all of the advantages of MOS technology such as 
voltage control, freedom from second breakdown, very fast switching speeds, and 
thermal stability. 

These power MOSFETS are ideally suited for many high-speed, high-power switching 
applications such as switching power supplies, motor controls, and wide-band and 
audio amplifiers. 


PRODUCT SUMMARY 


Part Number 

Yds 

RDS(on) 

Id 

UFN340 

400V 

0.55Q 

lOA 

UFN341 

350V 

0.550 

lOA 

UFN342 

400V 

0.800 

8.0A 

UFN343 

350V 

0.800 

8.0A 


MECHANICAL SPECIFICATIONS 


UFN340 UFN341 UFN342 UFN343 


22 22 (0 8751 
, MAX DIA 

3 42 1 

1143(0 450) 

1 0 35 (0 7501 

(0 135) MAX P * 




_lJ ] 

h 

SEATING 

TWO PLACES 


— 1 

“plane 

016(0. 

TWOP 

40) MIN 

LACES 



Dimensions in Millimeters and (Inches) 
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UFN340 UFN341 UFN342 UFN343 


ABSOLUTE MAXIMUM RATINGS 


Parameter 

UFN340 

UFN341 

UFN342 

UFN343 

Units 

Vq 5 Drain - Source Voltage © 

400 

350 

400 

350 

V 

Vqqr Drain - Gate Voltage (Rqs “ ^ ® 

400 

350 

400 

350 

V 

•d @ ~ 25°C Continuous Drain Current 

10 

10 

8.0 

8.0 

A 

•d@^C~ 100°C Continuous Drain Current 

6.0 

6.0 

5.0 

5.0 

A 

l□l\/l Pulsed Drain Current (D 

40 

40 

32 

32 

A 

Vqs Gate - Source Voltage 

±20 

V 

Pd @ = 25°C Max. Power Dissipation 

125 (See Fig. 14) 

W 

Linear Derating Factor 

1.0 (See Fig. 14) 

W/K 

lL(y/l Inductive Current, Clamped 

(See Fig. 15and 16)L = lOO/xH 

40 I 40 1 32 1 32 

A 

Tj Operating Junction and 

Tstg Storage Temperature Range 

-55 to 150 

®C 

Lead Temperature 

300 (0.063 in. ( 1 .6mm) from case for 1 0s) 

°C 


ELECTRICAL CHARACTERISTICS @ Tc = 25°C (Unless otherwise specified) 


1 Parameter 

Type 

B!Dii 

IBll 


Units 

Test Conditions 

bvdss 

Drain - Source Breakdown Voltage 

UFN340 

UFN342 

400 

- 

- 

V 

Vgs = ov 




UFN341 

UFN343 


■ 

- 

V 

Id = 250,iA 


1 V( 33 (^f^) Gate Threshold Voltage 

ALL 

2.0 

- 

I|QQ|| 

V 

^DS = '^GS' 'd = 250/iA 

<GSS 

Gate-Source Leakage Forward 

ALL 

- 

- 

lESI 

nA 

Vgs = 20V 

'gss 

Gate-Source Leakage Reverse 

ALL 

- 

- 

-100 

nA 

Vgs = -20V 

•dss 

Zero Gate Voltage Drain Current 

ALL 

- 

- 

iiQm 

aA 

Vds = Max. Rating, Vqs 

= OV 



- 

- 


aA 


'D(on) 

On-State Drain Current (D 

UFN340 

UFN341 

10 

- 

- 

A 

V v X Rrv,.,- V 

.... . V^,. = 10V 



UFN342 

UFN343 

8.0 

- 

- 

A 


PDS(on) 

Static Drain-Source On-State 
Resistance (D 

UFN340 

UFN341 

- 

0.47 

0.55 

Q 

Vgs = ■'OV, Id = s.oa 



UFN342 

UFN343 


0.68 

0.80 


gfs 

Forward Transconductance (D 

ALL 

4.0 

7.0 

- 

s(m 

^DS ^ 'D(on) ^DS(on) max.' 'd ^ 

G|ss 

Input Capacitance 

ALL 

- 

1250 

1600 

pF 

Vgs = ov, Vds = 25v, f 

See Fig. 10 

= 1.0 MHz 

Gqss 

Output Capacitance 

ALL 

- 

300 

450 

pF 

Grss 

Reverse Transfer Capacitance 

ALL 

- 

80 

150 

pF 


^d(on) 

Turn-On Delay Time 

ALL 

- 

17 

35 

ns 

Vdd= 175V,Ig = 5.0A,Zq = 4.70 I 

tr 

Rise Time 

ALL 

- 

5.0 

15 

ns 

See Fig. 1 7 


td(off) 

Turn-Off Delay Time 

ALL 

- 

45 

90 

ns 

(MOSFET switching times are essentially 

tf 

Fall Time 

ALL 

- 

16 

35 

ns 

independent of operating temperature.) 

Qg 

Total Gate Charge 
(Gate-Source Plus Gate-Drain) 

ALL 

- 

41 

60 

nC 

Vgs ~ *D ~ ''^DS “ 

See Fig. 1 8 for test circuit. (Gate charge is essentially 

Ggs 

Gate-Source Charge 

ALL 

- 

18 

- 

nC 

independent of operating temperature.) 

Ggd 

Gate-Dram ("Miller”) Charge 

ALL 

- 

23 

- 

nC 



Ld 

Internal Dram Inductance 

ALL 


5.0 


nH 

Measured between 
the contact screw on 
header that is closer to 
source and gate pins 
and center of die. 

Modified MOSFET 
symbol showing the 
internal device 
inductances. 

/-I 

LS 

Internal Source Inductance 

ALL 


12.5 


nH 

Measured from the 
source pin, 6 mm 
(0.25 in.) from header 
and source bonding 
pad. 

# 


THERMAL RESISTANCE 


RthJC 

Junction-to-Case 

ALL 

- 

- 

1.0 

■00011 


RthCS 

Case-to-Sink 

ALL 

- 

0.1 

- 

K/W 

Mounting surface flat, smooth, and greased. 

•^thJA 

Junction-to- Ambient 

ALL 

- 

- 

30 

K/W 

Free Air Operation 
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UFN340 UFN341 UFN342 UFN343 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


I5 Continuous Source Current 

(Body Diode) 

UFN340 

UFN341 

' 

- 

10 

A 

Modified MOSFET symbol 
showing the integral 

reverse P-N junction rectifier. q 

UFN342 

UFN343 


- 

8.0 

A 

*SM Pulse Source Current 

(Body Diode) (D 

UFN340 

UFN341 


- 

40 

A 

UFN342 

UFN343 

- 

- 

32 

A 


UFN340 

UFN341 

- 

- 

2.0 

V 

Tc = 25°C, Is = lOA, Vqs = OV 

UFN342 

UFN343 

- 

- 

1.9 

V 

Tc = 25°C, Is = 8.0A, Vqs = OV 

t^r Reverse Recovery Time 

ALL 

- 


- 

ns 

Tj = 150°C, Ip = 10A, dlp/dt = lOOA/^s 

Qrr Reverse Recovered Charge 

ALL 

- 


- 

nC 

Tj = 150®C, Ip = 10A, dlp/dt = 100A//iS 

ton Forward Turn-on Time 

ALL 

Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Ls + Lq. | 


®Tj = 25°C to 1 50°C. (DPulse Test: Pulse width < SOOfis, Duty Cycle < 2%. @ Repetitive Rating: Pulse width limited 

by max. junction temperature. 

See Transient Thermal Impedance Curve (Fig. 5). 


Fig. 1 — Typical Output Characteristics 



Vds. DRAIN-TO-SOURCE voltage (VOLTS) 



0 2 4 6 8 10 

Vqs, GATE-TO-SOURCE voltage (VOLTS) 


Fig. 3 — Typical Saturation Characteristics 



0 2 4 6 8 10 

Vqs, ORAIN-TO-SOURCE VOLTAGE (VOLTS) 



1 0 2 5 10 20 50 100 200 500 

Vds, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
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normalized EFFECTIVE TRANSIENT 
THERMAL IMPEDANCE {PER UNIT) 


UFN340 UFN341 UFN342 UFN343 


Fig. 5 — Maximum Effective Transient Thermal Impedance, Junction-to-Case Vs. Pulse Duration 



10-3 2 5 10-2 2 5 iq-I 

ti, SQUARE WAVE PULSE DURATION (SECONDS) 



Fig. 6 — Typical Transconductance Vs. Drain Current 



Iq, DRAIN CURRENT (AMPERES) 


Fig. 7 — Typical Source-Drain Diode Forward Voltage 



VsD, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 


Fig. 8 — Breakdown Voltage Vs. Temperature 



Tj, JUNCTION TEMPERATURE (OC) 
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UFN340 UFN341 UFN342 UFN343 



0 5 10 15 20 25 30 35 40 45 50 

Vqs, ORAIN-TO-SOURCE voltage (VOLTS) 


Fig. 11 — Typical Gate Charge Vs. Gate-to*Source Voltage 



0 20 40 60 80 

Qg, TOTAL GATE CHARGE (nC) 



0 10 20 30 40 


Iq, drain CURRENT (AMPERES) 


Fig. 13 — Maximum Drain Current Vs. Case Temperature 



25 50 75 100 125 150 

Tc, CASE TEMPERATURE (OC) 


Fig. 14 — Power Vs. Temperature Derating Curve 
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Tc, CASE TEMPERATURE ("O 
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UFN340 UFN341 UFN342 UFN343 


Fig. 15 — Clamped Inductive Test Circuit 


Fig. 16 — Clamped Inductive Waveforms 


''gs 



= O.SBVqss 
= 0.75BVOSS 




Fig. 17 — Switching Time Test Circuit 



Fig. 18 — Gate Charge Test Circuit 
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POWER MOSFET TRANSISTORS 

400 Volt, 0.3 Ohm 
N-Channel 


UFN350 

UFN351 

UFN352 

UFN353 


FEATURES 

• Fast Switching 

• Low Drive Current 

• Ease of Paralleling 

• No Second Breakdown 

• Excellent Temperature Stability 


DESCRIPTION 

The Unitrode power MOSFET design utilizes the most advanced technology available. 
This efficient design achieves a very low RDS(on) and a high transconductance. 

The Unitrode power MOSFET features all of the advantages of MOS technology such as 
voltage control, freedom from second breakdown, very fast switching speeds, and 
thermal stability. 

These power MOSFETS are ideally suited for many high-speed, high-power switching 
applications such as switching power supplies, motor controls, and wide-band and 
audio amplifiers. 


PRODUCT SUMMARY 


Part Number 

Vds 

RDS(on) 

Id 

UFN350 

400V 

0.3Q 

15A 

UFN351 

350V 

0.30 

15A 

UFN352 

400V 

0.40 

13A 

UFN353 

350V 

0.40 

13A 


MECHANICAL SPECIFICATIONS 


UFN350 UFN351 UFN352 UFN353 


22 22 (0 875) 

3,42 

11 43(0 450) 

1 TssTOsm 

(0 135) MAX, r* *■ 

j 


J ' 


SEATING 

r 1 i 

1 1 
1 09(0,043) o|4 

OTTinSS) — * 

TWO PLACES 


PLANE 

L_ 10,16(0, 

1 TWOP 

40) MIN 

LACES 



Dimensions in Millimeters and (Inches) 
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UFN350 UFN351 UFN352 UFN353 


ABSOLUTE MAXIMUM RATINGS 


Parameter 

UFN350 

UFN351 

UFN352 

UFN353 

Units 

Vp 5 Drain - Source Voltage © 

400 

350 

400 

350 

V 


400 

350 

400 

350 

V 

•d @ “ 25°C Continuous Drain Current 

15 

15 

13 

13 

A 

Id@^C~ 'I00°C Continuous Drain Current 

9.0 

9.0 

8.0 

8.0 

A 

IpM Pulsed Drain Current (D 

60 

60 

52 

52 

A 

Vq 5 Gate - Source Voltage 


V 

Pd @ ^C ~ 25°C Max. Power Dissipation 

150 (See Fig. 14) 

W 

Linear Derating Factor 

1.2 (See Fig. 14) 

W/K 

Ili\/I Inductive Current, Clamped 

(See Fig. 15and 16)L = 

60 1 60 1 52 1 52 

A 

Tj Operating Junction and 

Tgtq Storage Temperature Range 

-55 to 150 

°C 

Lead Temperature 


°C 


ELECTRICAL CHARACTERISTICS (© Tq = 25'’C (Unless otherwise specified) 


1 Parameter 

Type 

IQQII 

mm 


Units 

Test Conditions 

BVpsS 

Drain - Source Breakdown Voltage 

UFN350 

UFN352 


m 

- 

a 

Vqs = ov 




UFN351 

UFN353 


m 

- 

a 

Ip = 250 mA 


^GSIth) 

Gate Threshold Voltage 

ALL 

HBli 


wm 

V 

VdS = Vqs. 'd = 2S0fi/K 

'gss 

Gate-Source Leakage Forward 

ALL 

- 

- 


nA 

Vqs = 20V 

'gss 

Gate-Source Leakage Reverse 

ALL 

- 

- 

BEOI 

nA 

Vqs = -20V 

'dss 

Zero Gate Voltage Drain Current 

ALL 

- 

- 


mA 

Vps = Max. Rating, Vqs 

= OV 



- 

- 


mA 

Vps = Max. Rating x 0.8, Vqs = OV, Tq = 1 25“C 


On-State Drain Current © 

UFN350 

UFN351 


- 


A 

'^DS > 'D(on) ^ ^DS(on) rr 

lax.' ^GS = lOV 



UFN352 

UFN353 


- 


A 

RDS(on) Static Drain-Source On-State 
Resistance © 

UFN350 

UFN351 




fi 

Vqs = 10V, Ip = 8.0A 



UFN352 

UFN353 

- 

0.3 

0.4 

n 

gfs 

Forward Transconductance © 

ALL 

8.0 

■El 

- 

S(«) 

'^DS > 'D(on) ^DS(on) max.' 'd = 

dlHi 

Input Capacitance 

ALL 

- 



pF 

Vqs = OV, Vps = 25V, f 
See Fig. 10 

= 1.0 MHz 

1 ^oss 

Output Capacitance 

ALL 

- 

EE&i 


pF 


Reverse Transfer Capacitance 

ALL 

- 

H^i 

IQSy 

pF 



Turn-On Delay Time 

ALL 

- 

- 

KEB 

ns 

VpQ = 180V, Ip = 8.0A, Zq = 4.7Q 

njHi 

Rise Time 

ALL 

- 

- 


ns 

See Fig. 1 7 


dBSI 


ALL 

- 

- 


ns 

(MOSFET switching times are essentially 


Fall Time 

ALL 

- 

- 

wm 

ns 

independent of operating temperature.) 

m 




79 

120 

nC 

Vq 5 » 10V, Iq « 18A, Vp 5 = 0.8 Max. Rating. 

See Fig. 1 8 for test circuit, (Gate charge is essentially 

^9 

Gate-Source Charge 

ALL 


la 


nC 

independent of operating temperature.) 

Qgd 

Gate-Drain ("Miller") Charge 

ALL 

- 



nC 



•-D 

Internal Drain Inductance 

ALL 

1 


1 


Measured between 
the contact screw on 
header that is closer to 
source and gate pins 
and center of die. 

Modified MOSFET 
symbol showing the 
internal device 
inductances. 

LS 

Internal Source Inductance 

ALL 


12.5 


nH 

Measured from the 
source pin, 6 mm 
(0.25 in.) from header 
and source bonding 
pad. 



THERMAL RESISTANCE 


RthJC 

Junction-to-Case 

ALL 

- 



BOB 


RthCS 

Case-to-Sink 

ALL 

- 

ma 

- 


Mounting surface flat, smooth, and greased. 

RthJA 

Junction-to-Ambient 

ALL 

- 

a 

30 

1 K/W 1 

Free Air Operation 
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UFN350 UFN351 UFN352 UFN353 


SOURCE-DRAIN DIODE RATINOS AND CHARACTERISTICS 


Continuous Source Current 
(Body Diode) 


Pulse Source Current 
(Body Diode) (D 


Diode Forward Voltage (D 



Qrr Reverse f 


®Tj = 25°Cto 151 


Reverse Recovery Time 


Reverse Recovered Charge 


15 

A 

Modified MOSFET symbol 
showing the integral 

13 

A 

reverse P-N junction rectifier. 

41=4 

60 

A 

j© 

52 

A 

0 

1.6 

V 

Tq = 25°C, Is = 1 5A, Vqs = OV 

1.5 

V 

Tc = 25°C,ls = 13 A,Vgs = OV 

- 

ns 

Tj = 150®C, Ip = 15A, dlp/dt = 100A//iS 

1 I 

fiC 

Tj = 150°C,lp = 15A, dlp/dt = 100A//iS 


iussSsli 


Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by L 5 - 1 - Lp. 


UNITRODE CORPOR, 
LEXINGTON, MA 021 
TWX (710) 326-6509 • 











ZthJc(t)/RthJC' normalized effective transient 

THERMAL IMPEDANCE (PER UNIT) 


UFN350 UFN351 UFN352 UFN353 


Fig. 5 — Maximum Effective Transient Thermal Impedance. Junction-to-Case Vs. Pulse Duration 




0 4 8 12 16 20 

Iq, drain current (AMPERES) 



0 12 3 4 

VsD. SOURCE TO DRAIN VOLTAGE (VOLTS) 




-40 0 40 80 120 

Tj, JUNCTION TEMPERATURE (OC) 
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RoSlon). ORAIN-TO-SOURCE ON RESISTANCE (OHMS) 


UFN350 UFN351 UFN352 UFN353 



0 10 20 30 40 50 

Vqs, ORAIN TO source voltage (VOLTS) 


Fig. 11 — Typical Gate Charge Vs. Gate-to-Source Voltage 



0 28 56 84 112 140 

Qg, TOTAL GATE CHARGE (nC) 


Fig. 12 — Typical On-Resistance Vs. Drain Current 



Iq, grain current (AMPERES) 



Fig. 14 — Power Vs. Temperature Derating Curve 



0 20 40 60 80 100 120 140 

Tc, CASE TEMPERATURE (OC) 
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UFN350 UFN351 UFN352 UFN353 


Fig. 15 — Clamped Inductive Test Circuit 


Fig. 16 — Clamped Inductive Waveforms 




Fig. 17 — Switching Time Test Circuit 



Fig. 18 — Gate Charge Test Circuit 
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POWER MOSFET TRANSISTORS 

500 Volt, 3.0 Ohm 
N-Channel 


UFN420 

UFN421 

UFN422 

UFN423 


FEATURES 

• Fast Switching 

• Low Drive Current 

• Ease of Paralleling 

• No Second Breakdown 

• Excellent Temperature Stability 


DESCRIPTION 

The Unitrode power MOSFET design utilizes the most advanced technology available. 
This efficient design achieves a very low RDS(on) and a high transconductance. 

The Unitrode power MOSFET features all of the advantages of MOS technology such as 
voltage control, freedom from second breakdown, very fast switching speeds, and 
thermal stability. 

These power MOSFETS are ideally suited for many high-speed, high-power switching 
applications such as switching power supplies, motor controls, and wide-band and 
audio amplifiers. 


PRODUCT SUMMARY 


Part Number 

Vds 

RDS(on) 

Id 

UFN420 

500V 

3.00 

2.5A 

UFN421 

450V 

3.00 

2.5A 

UFN422 

500V 

4.00 

2.0A 

UFN423 

450V 

4.00 

2.0A 


MECHANICAL SPECIFICATIONS 


UFN420 UFN421 UFN422 UFN423 


3 42 

(0 135) MAX 


22 22 (0 875) 

MAX OIA 11 43(0 450) 
L J 6 35(0 250) 


i 

T 



SEATING 

PLANE 


109(0 043) niA _J 
0T7((ni38] 

TWO PLACES 


1016(0 40) MIN 
TWO PLACES 



Dimensions in Millimeters and (Inches) 



y 

■■■ UNITRODE 
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UFN420 UFN421 UFN422 UFN423 


ABSOLUTE MAXIMUM RATINGS 


Parameter 

UFN420 

UFN421 

UFN422 

UFN423 

Units 

Vqs Drain - Source Voltage © 

500 

450 

500 

450 

V 

Vqqp Drain - Gate Voltage (Rqs = ^ ® 

500 

450 

500 

450 

V 

'D @ " 25°C Continuous Drain Current 

2.5 

2.5 

2.0 

2.0 

A 

•d @ ^C “ 100°C Continuous Drain Current 

1.5 

1.5 

1.0 

1.0 

A 

IqM Pulsed Drain Current (3) 

10 

10 

8.0 

8.0 

A 

Vqs Gate - Source Voltage 

±20 

V 

Fd @ ^C “ 25°C Max. Power Dissipation 

40 (See Fig. 14) 

W 

Linear Derating Factor 

0.32 (See Fig. 14) 

W/K 

l|_M Inductive Current, Clamped 

(See Fig. 15and 16)L = lOO/xH 

10 1 10 1 8.0 1 8.0 

A 

Tj Operating Junction and 

Tgtg Storage Temperature Range 

-55 to 150 

®C 

Lead Temperature 

300 (0.063 in. ( 1 .6mm) from case for 1 0s) 

°C 


ELECTRICAL CHARACTERISTICS @ Tc = 25° C (Unless otherwise specified) 


1 Parameter 

Type 

Min. 

Typ. 

Max. 

Units 

Test Conditions 

BVdss 

Drain - Source Breakdown Voltage 

UFN420 

UFN422 

500 

- 

- 

V 

Vqs = OV 




UFN421 

UFN423 

450 

- 

- 

V 

Id = 250/xA 


1 '^GS(th) Gate Threshold Voltage 

ALL 

2.0 

- 

4.0 

V 

Vds = Vgs. Id - 250mA 

'gss 

Gate-Source Leakage Forward 

ALL 

- 

- 

100 

nA 

Vqs = 20V 

'gss 

Gate-Source Leakage Reverse 

ALL 

- 


-100 

nA 

Vqs = -20V 

'dss 

Zero Gate Voltage Drain Current 


- 

- 

250 

pA 

Vds = Rating, Vqs 

= OV 




- 

- 

1000 

mA 

Vds = Rating x 0.8, Vqs = OV, Tq = 1 25°C 

*D(on) 

On-State Drain Current (2) 

UFN420 

UFN421 

2.5 

- 

- 

A 

V,^^ > U, x R,,^ _ 

^ . V^^ = 10V 



UFN422 

UFN423 

2.0 

- 

- 

A 

ua ' uioni ua\on) max.' ua 

FDS(on) 

Static Drain-Source On-State 
Resistance @ 

UFN420 

UFN421 

- 

2.5 

3.0 

Q 

Vqs = lOV, Id = 1.0A 



UFN422 

UFN423 

- 

3.0 

4.0 

« 

gfs 

Forward Transconductance ® 

ALL 

1.0 

1.75 

- 

S (U) 

^DS ^ 'D(on) ^DS(on) max.' 'd = 

Giss 

Input Capacitance 

ALL 

- 

300 

400 

pF 

Vqs = OV, Vds = 25V, f 
See Fig. 10 

= 1.0 MHz 

Goss 

Output Capacitance 

ALL 


75 

150 

PF 

Grss 

Reverse Transfer Capacitance 

ALL 


20 

40 

pF 


td(on) 

Turn-On Delay Time 

ALL 

- 

30 

60 

ns 

Vdd = 0.5BVdss.Id = 

1 .OA, Zq = 500 

tr 

Rise Time 

ALL 

- 

25 

50 

ns 

See Fig. 17 


td(off) 

Turn-Off Delay Time 

ALL 

- 


60 

ns 

(MOSFET switching times are essentially 

tf 

Fall Time 

ALL 

- 

15 

30 

ns 

independent of operating temperature.) 

Qg 

Total Gate Charge 
(Gate-Source Plus Gate-Drain) 

j 

ALL 

- 

1 1 

15 

nC 

Vgs = 10V, Iq = 3.0A, Vpg = 0.8 Max. Rating. 

See Fig. 1 8 for test circuit. (Gate charge is essentially 

Ggs 

Gate-Source Charge 

ALL 

- 

5.0 

- 

nC 

independent of operating temperature.) 

Ggd 

Gate-Drain ("Miller") Charge 

ALL 

- 


- 

nC 



ld 

Internal Drain Inductance 

ALL 


5.0 

1 


Measured between 
the contact screw on 
header that is closer to 
source and gate pins 
and center of die. 

Modified MOSFET 
symbol showing the 
internal device 
inductances. 

LS 

Internal Source Inductance 

ALL 


12.5 


nH 

Measured from the 
source pin, 6 mm 
(0.25 in.) from header 
and source bonding 
pad. 



THERMAL RESISTANCE 


FIthJC 

Junction-to-Case 

ALL 

- 

- 

3.12 

K/W 


FthCS 

Case-to-Sink 

ALL 

- 

0.1 

- 

K/W 

Mounting surface flat, smooth, and greased. 

FthJA 

Junction-to- Ambient 

ALL 

- 

- 

30 

K/W 

Free Air Operation 
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UFN420 UFN421 UFN422 UFN423 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


Is Continuous Source Current 

(Body Diode) 

UFN420 

UFN421 

- 

- 

2.5 

A 

Modified MOSFET symbol 
showing the integral 
reverse P-N junction rectifier. 

UFN422 

UFN423 

- 

- 

2.0 

A 

'SM Pulse Source Current 

(Body Diode) (D 

UFN420 

UFN421 

- 

- 

10 

A 

UFN422 

UFN423 

- 

- 

8.0 

A 

VsD Diode Forward Voltage © 

UFN420 

UFN421 

- 

- 

1.4 

V 

Tc = 25°C, Is = 2.5A, Vqs = OV 

UFN422 

UFN423 

- 

- 

1.3 

V 

Tc = 25°C, Is = 2.0A, Vqs = OV 

trr Reverse Recovery Time 

ALL 

_ 

600 

- 

ns 

Tj = 150®C, Ip = 2.5A, dip/dt = 100A//iS 

Qrr Reverse Recovered Charge 

ALL 

- 

3.5 

- 

mC 

Tj = 150®C, Ip = 2.5A, dIp/dt = lOOA/^s 

ton Forward Turn-on Time 


Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Ls + L-d- I 


®Tj = 25°C to 1 50°C. (DPulse Test: Pulse width < 300/iS, Duty Cycle < 2%. d) Repetitive Rating: Pulse width limited 

by max. junction temperature. 

See Transient Thermal Impedance Curve (Fig. 5). 


Fig. 1 — Typical Output Characteristics 


Fig, 2 — Typical Transfer Characteristics 




0 2 4 6 8 10 

Vgs, GATE TO-SOURCE voltage (VOLTS) 



0 4 8 12 16 20 

Vqs, ORAIN TO-SOURCE voltage (VOLTS) 


Fig. 4 — Maximum Safe Operating Area 



1 0 2 5 10 20 50 100 200 500 

Vqs DRAtN TO-SOURCE VOLTAGE (VOLTS) 
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ZthJC<t>/RthJC. normalized effective transient 

THERMAL IMPEDANCE (PER UNIT) 


UFN420 UFN421 UFN422 UFN423 


Fig. 5 — Maximum Effective Transient Thermal Impedance, Junction-to-Case Vs. Pulse Duration 



Fig. 6 ~ Typical Transconductance Vs. Drain Current 



Fig. 8 — Breakdown Voltage Vs. Temperature 



Fig. 7 — Typical Source-Drain Diode Forward Voltage 



0 12 3 4 

Vso.SOUflCE-TO-DRAIN VOLTAGE (VOLTS) 

Fig. 9 — Normalized On-Resistance Vs. Temperature 



0 40 80 120 160 

Tj, JUNCTION TEMPERATURE (OC) 
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UFN420 UFN421 UFN422 UFN423 


Fig. 10 — Typical Capacitance Vs. Drain-to-Source Voltage 



Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 



0 4 8 12 16 20 

Qg, TOTAL GATE CHARGE (nC) 



Iq, drain current (AMPERES) 



Fig, 14 — Power Vs. Temperature Derating Curve 



0 20 40 60 80 100 120 140 

Tc. CASE TEMPERATURE (OC) 
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UFN420 UFN421 UFN422 UFN423 


Fig. 15 — Clamped Inductive Test Circuit 


Fig. 16 — Clamped Inductive Waveforms 




Fig. 17 — Switching Time Test Circuit 



Fig. 18 — Gate Charge Test Circuit 
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POWER MOSFET TRANSISTORS 

500 Volt, 1.5 Ohm 
N-Channel 


UFN430 

UFN431 

UFN432 

UFN433 


DESCRIPTION 

The Unitrode power MOSFET design utilizes the most advanced technology available. 
This efficient design achieves a very low RDS(on) and a high transconductance. 

The Unitrode power MOSFET features all of the advantages of MOS technology such as 
voltage control, freedom from second breakdown, very fast switching speeds, and 
• Excellent Temperature Stability thermal stability. 

These power MOSFETS are ideally suited for many high-speed, high-power switching 
applications such as switching power supplies, motor controls, and wide-band and 
audio amplifiers. 


FEATURES 

• Fast Switching 

• Low Drive Current 

• Ease of Paralleling 

• No Second Breakdown 


PRODUCT SUMMARY 


Part Number 

Vds 

RDS(on) 

Id 

UFN430 

500V 

1.5fi 

4.5A 

UFN431 

450V 

1.5fi 

4.5A 

UFN432 

500V 

2.0Q 

4.0A 

UFN433 

450V 

2.on 

4.0A 


MECHANICAL SPECIFICATIONS 


UFN430 UFN431 UFN432 UFN433 


22.22 (0 875) 

MAX OIA 1143 (OyO) 


1 09 (0.043) , 

mwm'’ 

TWO PLACES 


rnrr 



Dimensions in Millimeters and (Inches) 
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UFN430 UFN431 UFN432 UFN433 


ABSOLUTE MAXIMUM RATINGS 


Parameter 

UFN430 

UFN431 

UFN432 

UFN433 

Units 

Vq 5 Dram - Source Voltage © 

500 

450 

500 

450 

V 

Drain - Gate Voltage (Rqs ^ ® 

500 

450 

500 

450 

V 

Id @ “ 25°C Continuous Drain Current 

4.5 

4.5 

4.0 

4.0 

A 

Id@^C" IOO^C Continuous Drain Current 

3.0 

3.0 

2.5 

2.5 

A 

IdM Pulsed Drain Current (3) 

18 

18 

16 

16 

A 

Vqs Gate - Source Voltage 

±20 

V 

I^D @ ^C * 25°C Max. Power Dissipation 

75 (See Fig. 14) 

W 

Linear Derating Factor 

0.6 (See Fig. 14) 

W/K 

Ilm Inductive Current, Clamped 

(See Fig. 15and 16) L = lOO/xH 

18 1 18 1 16 1 16 

A 

Tj Operating Junction and 

Tg^g Storage Temperature Range 

-55 to 1 50 

°C 

Lead Temperature 

300 (0.063 in. ( 1 .6mm) from case for 1 0s) 

°C 


ELECTRICAL CHARACTERISTICS @ Tq = 25° C (Unless otherwise specified) 


1 Parameter 

Type 

Min. 

Typ. 

Max. 

Units 

Test Conditions 

BVpsS 

Dram - Source Breakdown Voltage 

UFN430 

UFN432 

500 

- 

- 

V 

Vgs = ov 




UFN431 

UFN433 

450 

- 

- 

V 

Id = 250mA 


1 ^GS(th) Gate Threshold Voltage 

ALL 

2.0 

- 

4.0 

V 

Vds = Vgs- Id = 250^a 

'gss 

Gate-Source Leakage Forward 

ALL 

- 

- 

100 

nA 

Vqs = 20V 

'gss 

Gate-Source Leakage Reverse 

ALL 

- 

- 

-100 

nA 

Vgs = -20V 

'dss 

Zero Gate Voltage Drain Current 

ALL 

- 

- 

250 

fxA 

Vqs “ Max. Rating, Vgs 

= OV 



- 

~ 

1000 

aA 

Vds = Max. Rating X 0.8, Vgs = OV, Tq = 125°C 

iD(on) 

On-State Dram Current @ 

UFN430 

UFN431 

4.5 


- 

A 

^DS > 'D(on) ^ ^DS(on) max.' '^GS = 



UFN432 

UFN433 

4.0 

- 

- 

A 

RDS(on) 

Static Drain-Source On-State 

Resistance © 

UFN430 

UFN431 

- 

1.3 

1.5 

Q 

Vgs = ''ov,Id = 2.5a 



UFN432 

UFN433 

- 

1.5 

2.0 

fi 

gfs 

Forward Transconductance © 

ALL 

2.5 

3.2 

- 

S(0) 

^DS > 'D(on) ^DS(on) max.' 'd = ^-BA 

Ciss 

Input Capacitance 

ALL 

- 

600 

800 

pF 

Vgs - ov, Vds = 25v, f 

See Fig. 10 

= 1.0 MHz 

Goss 

Output Capacitance 

ALL 

- 

100 

200 

pF 

Grss 

Reverse Transfer Capacitance 

ALL 

- 

30 

60 

pF 


^d(on) 

Turn-On Delay Time 

ALL 

- 

- 

30 

ns 

V(3Q = 225V, Ip = 2.5A, Zq = 1 50 | 

1 t^ Rise Time 

ALL 

- 

- 

30 

ns 

See Fig. 17 


^d(off) 

Turn-Off Delay Time 

ALL 

- 

- 

55 

ns 

(MOSFET switching times are essentially 

tf 

Fall Time 

ALL 

- 

- 

30 

ns 

independent of operating temperature.) 

Qg 

Total Gate Charge 
(Gate-Source Plus Gate-Drain) 

ALL 

- 

22 

30 

nC 

Vgs = lOV, Ip = 6.0A, Vps = 0.8 Max. Rating. 

See Fig. 1 8 for test circuit. (Gate charge is essentially 

Ggs 

Gate-Source Charge 

ALL 

- 

1 1 


nC 

independent of operating temperature.) 

Ggd 

Gate-Drain ("Miller") Charge 

ALL 

- 

11 

- 

nC 



l-D 

Internal Drain Inductance 

ALL 


5.0 


nH 

Measured between 
the contact screw on 
header that is closer to 
source and gate pins 
and center of die. 

Modified MOSFET 
symbol showing the 
internal device 
inductances. 

i-s 

Internal Source Inductance 

ALL 


12.5 


nH 

Measured from the 
source pin, 6 mm 
(0.25 in.) from header 
and source bonding 
pad. 



THERMAL RESISTANCE 


RthJC 

Junction-to-Case 

ALL 

- 

- 

1.67 

K/W 


l^thCS 

Case-to-Sink 

ALL 

- 

0.1 

- 

K/W 

Mounting surface flat, smooth, and greased. 

RthJA 

Junction-to- Ambient 

ALL 

- 

- 

30 

K/W 

Free Air Operation 
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UFN430 UFN431 UFN432 UFN433 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


Is Continuous Source Current 

(Body Diode) 

UFN430 

UFN431 

- 

- 

4.5 

A 

Modified MOSFET symbol 

showing the integral 
reverse P-N junction rectifier. 

UFN432 

UFN433 

- 

- 


A 

'SM Pulse Source Current 

(Body Diode) (|) 

UFN430 

UFN431 

- 

- 

18 

A 

UFN432 

UFN433 

- 

- 



VSQ Diode Forward Voltage © 

UFN430 

UFN431 

- 

- 

1.4 

V 

Tc = 25°C, Is = 4.5A, Vqs = OV 

UFN432 

UFN433 

- 

- 

1.3 

V 

Tc = 25°C, Is = 4.0A, Vqs = OV 

tfr Reverse Recovery Time 

ALL 

- 

IggQI 

- 

ns 

Tj = IBO^C, Ip * 4.5A, dip/dt » 100A//iS 

Qrr Reverse Recovered Charge 

ALL 

- 

Da 

- 

fiC 

Tj = 150®C, Ip * 4.5A, dIp/dt = lOOA/^ts 

^on Forward Turn-on Time 

ALL 

Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Ls -i- Lq. | 


(DTj = 25°C to 1 50°C. ©Pulse Test: Pulse width < SOO/is, Duty Cycle < 2%. (D Repetitive Rating: Pulse width limited 

by max. junction temperature. 

See Transient Thermal Impedance Curve (Fig. 5). 


Fig. 1 - Typical Output Characteristics 



Vqs, ORAIN TO-SOURCE voltage (VOLTS) 


Fig. 3 — Typical Saturation Characteristics 



2 4 6 8 10 

Vps, ORAIN TO-SOURCE VOLTAGE (VOLTS) 


Fig. 2 — Typical Transfer Characteristics 



0 1 2 3 4 5 6 7 


Vqs. gate TO-SOURCE VOLTAGE (VOLTS) 



V(j5, DRAIN-TO SOURCE VOLTAGE (VOLTS) 
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Z,hJc(t)/RthJC- normalized effective transient 

THERMAL IMPEDANCE (PER UNIT) 


UFN430 UFN431 UFN432 UFN433 


Fig. 5 — Maximum Effective Transient Thermal Impedance, Junction-to-Case Vs. Pulse Duration 




Fig. 6 — Typical Transconductance Vs. Drain Current 



Iq, drain CURRENT (AMPERES) 


Fig. 7 — Typical Source-Drain Diode Forward Voltage 



VsD, SOURCE-TO DRAIN VOLTAGE (VOLTS) 


Fig. 8 — Breakdown Voltage Vs. Temperature 
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Tj, JUNCTION TEMPERATURE (OC) 
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UFN430 UFN431 UFN432 UFN433 



0 10 20 30 40 50 

Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 11 — Typical Gate Charge Vs. Gate-to-Source Voltage 



0 8 16 24 32 40 

Qg, TOTAL GATE CHARGE (nC) 



0 5 10 15 20 25 


Fig. 13 — Maximum Drain Current Vs. Case Temperature 



Iq. drain CURRENT (AMPERES) 


Tq, case TEMPERATURE (°C) 


Fig. 14 — Power Vs. Temperature Derating Curve 
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UFN430 UFN431 UFN432 UFN433 


Fig. 15 — Clamped Inductive Test Circuit Fig. 16 — Clamped Inductive Waveforms 


VARY tp TO OBTAIN | 0 ^ 

REQUIRED PEAK II 1 ▼ X 

''os ? E, -d^E,=0 5BVDss 

— 1 

^''ds 

Tl 1 Q T ''c = 0 758Vdss 

Vgs=iovPp-J 1 

jJ L . , i J 


\ 


Fig. 17 — Switching Time Test Circuit 



Fig. 18 — Gate Charge Test Circuit 
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POWER MOSFET TRANSISTORS 

500 Volt, 0.85 Ohm 
N-Channel 


UFN440 

UFN441 

UFN442 

UFN443 


FEATURES 

• Fast Switching 

• Low Drive Current 

• Ease of Paralleling 

• No Second Breakdown 

• Excellent Temperature Stability 


DESCRIPTION 

The Unitrode power MOSFET design utilizes the most advanced technology available. 
This efficient design achieves a very low RDS(on) and a high transconductance. 

The Unitrode power MOSFET features all of the advantages of MOS technology such as 
voltage control, freedom from second breakdown, very fast switching speeds, and 
thermal stability. 

These power MOSFETS are ideally suited for many high-speed, high-power switching 
applications such as switching power supplies, motor controls, and wide-band and 
audio amplifiers. 


PRODUCT SUMMARY 


Part Number 

Vds 

RDS(on) 

Id 

UFN440 

500V 

0.85n 

8.0A 

UFN441 

450V 

0.85Q 

8.0A 

UFN442 

500V 

i.ion 

7.0A 

UFN443 

450V 

i.ion 

7.0 A 


MECHANICAL SPECIFICATIONS 


UFN440 UFN441 UFN442 UFN443 


22 22 (0 8751 
MAX DIA 

1143 (0450) 

1 B 35 (0 2504 

(0 135) MAX. 1 

j 


1 ( ^ 

ri 

SEATING 

1 1 

t 09(0 043) niA .1 

TWO PLACES 

rin 

PLANE 

— 10.16(0, 
TWOP 

40) MIN 

LACES 



Dimensions in Millimeters and (Inches) 
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UFN440 UFN441 UFN442 UFN443 


ABSOLUTE MAXIMUM RATINGS 


Parameter 

UFN440 

UFN441 

UFN442 

UFN443 

Units 

Vq 3 Drain - Source Voltage © 

500 

450 

500 

450 

V 

Vqgr Drain - Gate Voltage (Rqs = ^ ® 

500 

450 

500 

450 

V 

•d @ “ 25°C Continuous Drain Current 

8.0 

8.0 

7.0 

7.0 

A 

I[)@Tq= 100°C Continuous Drain Current 

5.0 

5.0 

4.0 

4.0 

A 

Iq|\/I Pulsed Drain Current (^ 

32 

32 

28 

28 

A 

V (35 Gate - Source Voltage 

±20 

V 

^D @ ^C ~ 25°C Max. Power Dissipation 

125 (See Fig. 14) 

W 

Linear Derating Factor 

1.0 (See Fig. 14) 

W/K 

Il^/I Inductive Current, Clamped 

(See Fig. 15and 16) L = ^00fxH 

32 1 32 1 28 1 28 

A 

Tj Operating Junction and 

Tgtg Storage Temperature Range 

-55 to 150 

°C 

Lead Temperature 

300 (0.063 in. (1 .6mm) from case for 1 0s) 

°C 


ELECTRICAL CHARACTERISTICS @ Tc = 25'’C (Unless otherwise specified) 


Parameter 

Type 

Min. 

Typ. 

Max. 

Units 

Test Conditions 

BVdsS' ■ Source Breakdown Voltage 

UFN440 

UFN442 

500 


- 

V 

Vqs = ov 

Iq = 250mA 

UFN441 

UFN443 

450 

- 

- 

V 

VGS(th) Threshold Voltage 

ALL 

2.0 

- 

4.0 

V 

VdS ~ ^^GS' *0 = 250mA 

less Gate-Source Leakage Forward 

ALL 

- 

_ 

100 

nA 

Vqs = 20 V 

*GSS Gate-Source Leakage Reverse 

ALL 

- 

- 

-100 

nA 

Vg 3 = -20V 

l [)53 Zero Gate Voltage Dram Current 

ALL 

- 

- 

250 

(lA 

^DS “ Max. Rating, Vq 3 = OV 

- 

- 

1000 

^.A 

Vds = Max. Rating x 0.8, Vg 3 = OV, Tq = 1 25°C 

*D(on) On-State Drain Current d) 

UFN440 

UFN441 

8.0 

- 

- 

A 

'^DS > 'D(on) ^ ^DS(on) max.' ^GS = 

UFN442 

UFN443 

7.0 


- 

A 

^DS(on) Static Drain-Source On-State 
Resistance <© 

UFN440 

UFN441 

- 

— 

0.8 

0.85 

n 

Vg 3 = lOV, l 0 = 4.0A 

UFN442 

UFN443 

- 

1.0 

1.1 

n 

gfs Forward Transconductance ® 

ALL 

4.0 

6.5 

- 

SiU) 

^DS > 'D(on) ^ ^DS(on) max.' 'd = 

C|ss Input Capacitance 

ALL 

- 

1225 

1600 

pF 

Vg 3 - OV, Vd 3 = 25V, f = 1 .0 MHz 

See Fig. 10 

Cqss Output Capacitance 

ALL 

- 

200 

350 

pF 

Crss Reverse Transfer Capacitance 

ALL 

- 

85 

150 

pF 

td(on) Turn-On Delay Time 

ALL 

- 

17 

- 35 

ns 

Vpp == 200V, Ip = 4.0A, Zq = 4.70 

See Fig. 17 

(MOSFET switching times are essentially 
independent of operating temperature.) 

t^ Rise Time 

ALL 

- 

5 

15 

ns 

td(off) Turn-Off Delay Time 

ALL 

- 

42 

90 

ns 

tf Fall Time 

ALL 

- 

14 

30 

ns 

Qg Total Gate Charge 

(Gate-Source Plus Gate-Dram) 

ALL 

- 

42 

60 

nC 

Vgs = 10V, Iq = 10A, Vpg = 0.8 Max. Rating. 

See Fig. 1 8 for test circuit. (Gate charge is essentially 
independent of operating temperature.) 

Qgg Gate-Source Charge 

ALL 

- 

20 

- 

nC 

Qgjj Gate-Drain (“Miller") Charge 

ALL 

- 

22 

- 

nC 

Lq Internal Dram Inductance 

ALL 


5.0 


nH 

Measured between 
the contact screw on 
header that is closer to 
source and gate pins 
and center of die. 

Modified MOSFET 
symbol showing the 
internal device 
inductances. 

L 3 Internal Source Inductance 

ALL 


12.5 


nH 

Measured from the 
source pin, 6 mm 
(0.25 in.) from header 
and source bonding 
pad. 


THERMAL RESISTANCE 


RthJC 

Junction-to-Case 

ALL 

- 

- 

1.0 

K/W 


RthCS 

Case-to-Sink 

ALL 

- 

0.1 

- 

K/W 

Mounting surface flat, smooth, and greased. 

f^thJA 

Junction-to- Ambient 

ALL 

- 

- 

30 

K/W 

Free Air Operation 
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UFN440 UFN441 UFN442 UFN443 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


Ig Continuous Source Current 

(Body Diode) 

UFN440 

UFN441 


-- 

8.0 

A 

Modified MOSFET symbol 
showing the integral 

reverse P-N junction rectifier. 0 

UFN442 

UFN443 


- 

7.0 

A 

*SM Pulse Source Current 

(Body Diode) 

UFN440 

UFN441 

- 

- 

32 

A 

UFN442 

UFN443 

- 

- 

28 

A 

VgD Diode Forward Voltage © 

UFN440 

UFN441 

- 

- 

2.0 

V 

Tp = 25°C, Ig = 8.0A, VQg = OV 

UFN442 

UFN443 

- 

- 



Tp = 25°C, Ig = 7.0A, Vpg = OV 

trr Reverse Recovery Time 

ALL 

- 

1100 

- , 

ns 

Tj = 150®C, Ip = 8.0A, dip/dt = lOOA/^s 

Qrr Reverse Recovered Charge 

ALL 

- 

6.4 

- 

aC 

Tj = 150°C, Ip = 8.0A, dIp/dt = lOOA/^s 

tgn Forward Turn-on Time 

ALL 

Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Lg + Lp. | 


0Tj = 25°C to 1 50°C. ©Pulse Test: Pulse width < 300/xs, Duty Cycle < 2%. (D Repetitive Rating: Pulse width limited 

by max. junction temperature. 

See Transient Thermal Impedance Curve (Fig. 5). 


Fig. 1 — Typical Output Characteristics 
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0 20 40 60 80 100 

Vqs, DRAIN-TO-SOURCE voltage (VOLTS) 



0 2 4 6 8 10 

Vgs, GATE-TO-SOURCE voltage (VOLTS) 


Fig. 3 — Typical Saturation Characteristics 



0 2 4 6 8 10 

V0S, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 4 — Maximum Safe Operating Area 
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ZthJCW/RthJC. normalized effective transient 

THERMAL IMPEDANCE (PER UNIT) 


UFN440 UFN441 UFN442 UFN443 


Fig. 5 — Maximum Effective Transient Thermal impedance, Junction-to-Case Vs. Pulse Duration 



Fig. 6 — Typical Transconductance Vs. Drain Current 



Id, DRAIN CURRENT (AMPERES) 



VsD, SOURCE TO-DRAIN VOLTAGE (VOLTS) 


Fig. 8 — Breakdown Voltage Vs. Temperature 



-40 0 40 80 120 160 

Tj, JUNCTION TEMPERATURE (OC) 


Fig. 9 — Normalized On-Resistance Vs. Temperature 



Tj, JUNCTION TEMPERATURE (OC) 
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Ros(on). DRAIN TO SOURCE ON RESISTANCE (OHMS) 


UFN440 UFN441 UFN442 UFN443 



0 5 10 15 20 25 30 35 40 45 50 

Vqs, drain TO-SOURCE voltage (VOLTS) 


Fig. 11 — Typical Gate Charge Vs. Gate-to-Source Voltage 



0 20 40 60 80 

Qg, TOTAL GATE CHARGE (nC) 


Fig. 12 — Typical On-Resistance Vs. Drain Current 
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Iq, drain current (AMPERES) 



Fig. 13 — Maximum Drain Current Vs. Case Temperature 
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POWER MOSFET TRANSISTORS 

500 Volt, 0.4 Ohm 
N-Channel 


UFN450 

UFN451 

UFN452 

UFN453 


FEATURES 

• Fast Switching 

• Low Drive Current 

• Ease of Paralleling 

• No Second Breakdown 

• Excellent Temperature Stability 


DESCRIPTION 

The Unitrode power MOSFET design utilizes the most advanced technology available. 
This efficient design achieves a very low Roscon) and a high transconductance. 

The Unitrode power MOSFET features all of the advantages of MOS technology such as 
voltage control, freedom from second breakdown, very fast switching speeds, and 
thermal stability. 

These power MOSFETS are ideally suited for many high-speed, high-power switching 
applications such as switching power supplies, motor controls, and wide-band and 
audio amplifiers. 


PRODUCT SUMMARY 


Part Number 

Vds 

RoSCon) 

Id 

UFN450 

500V 

0.40 

13A 

UFN451 

450V 

0.40 

13A 

UFN452 

500V 

0.50 

12A 

UFN453 

450V 

0.50 

12A 


MECHANICAL SPECIFICATIONS 


UFN450 UFN451 UFN452 UFN453 


3.42 1 

(0135) MAX 

22 22 (0 8751 
MAX OIA 

1143 

(0 450) 
(5150) 

i : 

tri 

SEATING 

iJWTini38) " —n 

TWO PLACES 

np 
— 10.16(0. 
TWOP 

“plane 

40) MIN. 
LACES 



Dimensions in Millimeters and (Inches) 
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UFN450 UFN451 UFN452 UFN453 


ABSOLUTE MAXIMUM RATINGS 


Parameter 

UFN450 

UFN451 

UFN452 

UFN453 

Units 

V03 Drain - Source Voltage (D 

500 

450 

500 

450 

V 

Vqqr Drain - Gate Voltage (Rqs ^ ® 

500 

450 

500 

450 

V 

•d @ ~ 25°C Continuous Drain Current 

13 

13 

12 

12 

A 

Id@^C~ IOO^C Continuous Drain Current 

8.0 

8.0 

7.0 

7.0 

A 

IqI \/1 Pulsed Drain Current (D 

52 

52 

48 

48 

A 

Vqs Gate - Source Voltage 

±20 

V 

Pd @ ^C * 25°C Max. Power Dissipation 

150 (See Fig. 14) 

W 

Linear Derating Factor 

1.2 (See Fig. 14) 

W/K 

Il[^ Inductive Current, Clamped 

(See Fig. 14and 15) L = ^00|xH 

52 1 52 1 48 1 48 

A 

Tj Operating Junction and 

Tgtq Storage Temperature Range 

-55 to 150 

°C 

Lead Temperature 

300 (0.063 in. (1 .6mm) from case for 1 0s) 

°C 


ELECTRICAL CHARACTERISTICS @ Tq = 25° C (Unless otherwise specified) 


1 Parameter 

Type 

Min. 

Typ. 


Units 

Test Conditions 

b^dss 

Drain - Source Breakdown Voltage 

UFN450 

UFN452 

500 

- 

- 

V 

Vgs = ov 




UFN451 

UFN453 

450 

- 

- 

V 

Id = 2b0^lA 


1 ^GS(th) Threshold Voltage 

ALL 

2.0 

- 

IKEI 

V 

^DS = ^GS' 'd = 250;xA 

1 'gss 

Gate-Source Leakage Forward 

ALL 

- 

- 

■El 

nA 

Vgs = 20V 



ALL 

- 

- 

EB^i 

nA 

Vgs = -20V 

'dss 

Zero Gate Voltage Drain Current 

ALL 

imu 

- 

HjJsl 

aA 

VdS = Max. Rating, Vgs 

= OV 



- 

- 

1000 

pA 

VqS ~ Max. Rating x 0.8, Vgs OV, Tq = 1 25°C 

'D(on) 

On-State Drain Current © 

UFN450 

UFN451 

13 

- 

- 

A 


, Vr^o = 10V 



UFN452 

UFN453 

12 

- 

- 

A 


RDS(on) Static Drain-Source On-State 

Resistance d) 

UFN450 

UFN451 

- 

0.3 

0.4 

fi 

Vgs == 10V, Id = 7.oa 



UFN452 

UFN453 

- 

0.4 

0.5 

Q 

gfs 

Forward Transconductance d) 

ALL 

6.0 

11 

- 

S(0) 

^DS ^ 'D(on) ^ ^DS(on) max.' 'd = 

^iss 

Input Capacitance 

ALL 

- 

2000 

3000 

PF 

Vgs = ov, Vds = 25v, f 

See Fig. 10 

= 1.0 MHz 

^oss 

Output Capacitance 

ALL 

- 

400 

600 

PF 

^rss 

Reverse Transfer Capacitance 

ALL 

- 

100 

200 

pF 


^d(on) 

Turn-On Delay Time 

ALL 

- 

- 

35 

ns 

Vdd = 210V, Id = 7.0A,Zo = 4.70 I 

tr 

Rise Time 

ALL 

- 

- 

50 

ns 

See Fig. 17 


td(off) 

Turn-Off Delay Time 

ALL 

- 

- 

150 

ns 

(MOSFET switching times are essentially 

tf 

Fall Time 

ALL 

- 

- 

70 

ns 

independent of operating temperature.) 

Qg 

Total Gate Charge 
(Gate-Source Plus Gate-Drain) 

ALL 

- 

82 

120 

nC 

Vgs= 10V,Id= 16A,V 
See Fig. 18 for test circuit 

Qg = 0.8 Max. Rating. 

(Gate charge is essentially 

Qgs 

Gate-Source Charge 

ALL 

- 

40 

- 

nC 

independent of operating temperature.) 

^gd 

Gate-Drain ("Miller") Charge 

ALL 

- 

42 

- 

nC 



■ 

Internal Drain Inductance 

ALL 


5.0 


nH 

Measured between 
the contact screw on 
header that is closer to 
source and gate pins 
and center of die. 

Modified MOSFET 
symbol showing the 
internal device 
inductances. 

LS 

Internal Source Inductance 

ALL 


12.5 


nH 

Measured from the 
source pin, 6 mm 
(0.25 in.) from header 
and source bonding 
pad. 



THERMAL RESISTANCE 


RthJC 

Junction-to-Case 

ALL 

- 

- 

.83 



RthCS 

Case-to-Sink 

ALL 

_ 

D1 

- 

BKI 

Mounting surface flat, smooth, and greased. 

F*thJA 

Junction-to-Ambient 

ALL 

- 

- 

30 

K/W 

Free Air Operation 
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UFN450 UFN451 UFN452 UFN453 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


Is Continuous Source Current 

(Body Diode) 

UFN450 

UFN451 


- 

13 

A 

Modified MOSFET symbol 
showing the integral 
reverse P-N junction rectifier. 

UFN452 

UFN453 


- 

12 

A 

Ism Pulse Source Current 

(Body Diode) © 

UFN450 

UFN451 

- 

- 

52 

A 

UFN452 

UFN453 

- 

- 

48 

A 

VsD Diode Forward Voltage © 

UFN450 

UFN451 

- 

- 

1.4 

V 

Tc = 25°C, Is = 13A,Vgs = OV 

UFN452 

UFN453 

- 

- 

1.3 

V 

Tc = 25°C, Is = 12A, Vqs = OV 

trr Reverse Recovery Time 

ALL 

- 


- 

ns 

Tj = 150°C, Ip = 13A, dip/dt = 100 A/mS 

Qrr Reverse Recovered Charge 

ALL 

- 

7.4 

- 

aC 

Tj = 150®C, Ip = 13A, dIp/dt = 100A//iS 

^on Forward Turn-on Time 

ALL 

Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Ls + L[). | 


©Tj = 25°C to 1 50°C. ©Pulse Test; Pulse width < 300 /as, Duty Cycle < 2%. © Repetitive Rating; Pulse width limited 

by max. junction temperature. 

See Transient Thermal Impedance Curve (Fig. 5). 


Fig. 1 — Typical Output Characteristics 



Vqs, DRAIN TO-SOURCE voltage (VOLTS) 


Fig. 2 — Typical Transfer Characteristics 



0 1 2 3 4 5 6 7 8 

Vqs, GATE TO SOURCE voltage (VOLTS) 


Fig. 3 — Typical Saturation Characteristics 
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Vos, DRAIN TO-SOURCE VOLTAGE (VOLTS) 
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Vqs, DRAIN TO-SOURCE VOLTAGE (VOLTS) 
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2thJc(t)/RthJC. normalized EFFECTIVE TRANSIENT 
THERMAL IMPEDANCE (PER UNIT) 


UFN450 UFN451 UFN452 UFN453 


Fig. 5 — Maximum Effective Transient Thermal Impedance, Junction-to-Case Vs. Pulse Duration 
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ti, SQUARE WAVE PULSE DURATION (SECONDS) 




Fig. 6 — Typical Transconductance Vs. Drain Current 

— .. . -r I - 1 ■ 1 



0 5 10 15 20 25 


Id, DRAIN CURRENT (AMPERES) 


Fig. 7 — Typical Source-Drain Diode Forward Voltage 



Vsd.SOURCE-TO-DRAIN VOLTAGE (VOLTS) 


Fig. 8 — Breakdown Voltage Vs. Temperature Fig. 9 — Normalized On-Resistance Vs. Temperature 



Tj, JUNCTION TEMPERATURE (OC) Tj, JUNCTION TEMPERATURE (OC) 
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Ros(on). ORAINTO-SOURCE ON RESISTANCE (OHMS) 


UFN450 UFN451 UFN452 UFN453 



0 10 20 30 40 50 

Vos. DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


Fig, 11 — Typical Gate Charge Vs. Gate-to-Source Voltage 




0 28 56 84 112 140 

Qg, TOTAL GATE CHARGE (nC) 


Fig. 12 — Typical On-Resistance Vs. Drain Current 




Fig. 14 — Power Vs. Temperature Derating Curve 
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UFN450 UFN451 UFN452 UFN453 


Fig. 15 — Clamped Inductive Test Circuit 


Fig. 16 — Clamped Inductive Waveforms 



Fig. 17 — Switching Time Test Circuit 



Fig. 18 — Gate Charge Test Circuit 
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POWER MOSFET TRANSISTORS 

100 Volt 0.6 Ohm 
N-Channel 


UFN510 

UFN511 

UFN512 

UFN513 


FEATURES 

• Compact Plastic Package 

• Fast Switching 

• Low Drive Current 

• Ease OT Paralleling 

• No Second Breakdown 

• Excellent Temperature Stability 


DESCRIPTION 

The Unitrode power MOSFET design utilizes the most advanced technology available. 
This efficient design achieves a very low Rosion) and a high transconductance. 

The Unitrode power MOSFET features all of the advantages of MOS technology such as 
voltage control, freedom from second breakdown, very fast switching speeds, and 
thermal stability. 

These power MOSFETS are ideally suited for many high-speed, high-power switching 
applications such as switching power supplies, motor controls, and wide-band and 
audio amplifiers. 


PRODUCT SUMMARY 


Part Number 

Vds 

RDS(on) 

Id 

UFN510 

lOOV 

0.6Q 

4.0A 

UFN511 

60V 

0.6Q 

4.0A 

UFN512 

lOOV 

0.80 

3.5A 

UFN513 

60V 

0.80 

3.5A 


MECHANICAL SPECIFICATIONS 
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UFN510 UFN511 UFN512 UFN513 


ABSOLUTE MAXIMUM RATINGS 


Parameter 

UFN510 


UFN512 

UFN513 

Units 

Vqs Drain - Source Voltage © 

100 

60 

100 

60 

V 

Vqgp Drain - Gate Voltage (Rqs ^ ® 

100 

60 

100 

60 

V 

•d @ Tc = 25°C Continuous Drain Current 

4.0 

4.0 

3.5 

3.5 

A 

Id@^C~ 100°C Continuous Drain Current 

2.5 

2.5 

2.0 

2.0 

A 

iQfy/l Pulsed Drain Current (3) 

16 

16 

14 

14 

A 

Vqs Gate - Source Voltage 

±20 

V 

Pd @ Tq = 25°C Max. Power Dissipation 

20 (See Fig. 14) 

W 

Linear Derating Factor 

0.16 (See Fig. 14) 

W/K 

Ilm Inductive Current, Clamped 

(See Fig. 1 5 and 1 6) L = 1 0O/xH 

16 1 16 1 14 1 14 

A 

Tj Operating Junction and 

Tg^g Storage Temperature Range 

-55 to 150 

°C 

Lead Temperature 

300 (0.063 in. (1 .6mm) from case for 10s) 

°C 


ELECTRICAL CHARACTERISTICS @ Tq = 25'’C (Unless otherwise specified) 


1 Parameter 

Type 

Min. 

Typ. 

Max. 

Units 

Test Conditions 

BVpsS 

Drain - Source Breakdown Voltage 

UFN510 

UFN512 

100 

- 

- 

V 

Vqs = OV 




UFN511 

UFN513 

60 

- 

- 

V 

Iq - 250mA 


1 '^GS(th) Gate Threshold Voltage 

ALL 

2.0 

- 

4.0 

V 

Vqs = Vqs, Id = 250mA 

'gss 

Gate-Source Leakage Forward 

ALL 

- 

- 

500 

nA 

Vqs = 20V 

'gss 

Gate-Source Leakage Reverse 

ALL 

- 

- 

-500 

nA 

Vqs = -20V 

'dss 

Zero Gate Voltage Drain Current 

ALL 

- 

- 

250 

pA 

Vqs ~ Max. Rating, Vq 3 

= OV 1 



- 

- 

1000 

mA 

Vqs = Max. Rating x 0.8, Vqs = OV, Tq = 1 25°C 

*D(on) 

On-State Drain Current (2) 

UFN510 

UFN511 

4.0 

- 

-- 

A 




UFN512 

UFN513 

3.5 

- 

- 

A 



RDS(on) Static Drain-Source On-State 
Resistance (D 

UFN510 

UFN511 

- 

0.5 

0.6 

0 

Vqs = 10V, Id = 2.0A 



UFN512 

UFN513 

- 

0.6 

0.8 

n 

gfs 

Forward Transconductance (D 

ALL 

1.0 

1.5 

- 

S(0) 

^DS > 'D(on) ^DS(on) max.' 'd = ^.OA 

Giss 

Input Capacitance 

ALL 

- 

135 

150 

pF 

Vqs = OV, Vds = 25V, f 
See Fig. 10 

= 1.0 MHz 

Goss 

Output Capacitance 

ALL 

- 

80 

100 

pF 

Grss 

Reverse Transfer Capacitance 

ALL 

- 

20 

25 

pF 


td(on) 

Turn-On Delay Time 

ALL 

- 

mm 

IQIII 

ns 

Vdd - 0-5 BVp53, Ip = 

2.0A, Zq = 5on 

tr 

Rise Time 

ALL 

- 

mm 


ns 

See Fig. 1 7 


td(off) 

Turn-Off Delay Time 

ALL 

- 

mm 

ra 

ns 

(MOSFET switching times are essentially 

tf 

Fall Time 

ALL 

- 

10 


ns 

independent of operating temperature.) 

°g 

Total Gate Charge 
(Gate-Source Plus Gate-Drain) 

ALL 

- 

5.0 

B 

nC 

Vgs = IGV, Ip = 8.0A, Vpg = 0.8 Max. Rating. 

See Fig. 18 for test circuit. (Gate charge is essentially 

Qgs 

Gate-Source Charge 

ALL 

- 

2.0 

_ 

nC 

independent of operating temperature.) 

Ggd 

Gate-Drain ("Miller") Charge 

ALL 

- 

3.0 


nC 



Ld 

Internal Drain Inductance 

ALL 


3.5 


nH 

Measured from the 
contact screw on tab 
to center of die. 

Modified MOSFET 
symbol showing the 
internal device 
inductances. 




4.5 


nH 

Measured from the 
drain lead, 6mm (0.25 
in.) from package to 
center of die. 

LS 

Internal Source Inductance 

ALL 


7.5 


nH 

Measured from the 
source lead, 6mm 
(0.25 in.) from 
package to source 
bonding pad. 



THERMAL RESISTANCE 


RthJC 

Junction-to-Case 

ALL 

~ 

- 

6.4 

K/W 


RthCS 

Case-to-Sink 

ALL 

- 

1.0 

- 

K/W 

Mounting surface flat, smooth, and greased. 

^thJA 

Junction-to- Ambient 

ALL 

- 

-- 

80 

K/W 

Free Air Operation 
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UFN510 UFN511 UFN512 UFN513 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


I 5 Continuous Source Current 

(Body Diode) 

UFN510 

UFN511 

- 

- 


A 



Modified MOSFET symbol 

showing the integral 

reverse P-N junction rectifier. ^ 

UFN512 

UFN513 

- 

- 


Bi 

*SM ■pulse Source Current 

(Body Diode) (D 

BQSSyl 

- 

- 

m 

A 


- 

■ 

B 

A 

V 5 Q Diode Forward Voltage (D 

UFN510 

UFN511 

- 

- 


a 

Tc = 25°C, Is = 4.0A, Vqs = OV 

UFN512 

UFN513 

- 

B 


a 

Tc = 25°C, ls = 3.5A, Vqs = OV 

trr Reverse Recovery Time 

ALL 

- ■ 


- 

ns 

Tj - 150®C, Ip = 4.0A, dip/dt « 100A//iS 

Qrr Reverse Recovered Charge 

ALL 

- 

ma 

- 

nC 

Tj = 150®C, Ip = 4.0A, dIp/dt = 100 A/ms 

^on Forward Turn-on Time 

ALL . 

Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by L 5 + Lq. j 


® Tj = 25°C to 1 50°C. (D Pulse Test: Pulse width < 300^s, Duty Cycle < 2%. (D Repetitive Rating: Pulse width limited 

by max. junction temperature. 

See Transient Thermal Impedance Curve (Fig. 5). 


Fig. 1 — Typical Output Characteristics 



Vos, DRAIN TO-SOURCE VOLTAGE (VOLTS) 


Fig. 2 — Typical Transfer Characteristics 



Vrs. GATE-TO source voltage (VOLTS) 


Fig. 3 - Typical Saturation Characteristics 



Vqs, DRAIN TO SOURCE VOLTAGE (VOLTS) 


Fig. 4 — Maximum Safe Operating Area 
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ZthJc(t)/RthJC. normalized effective transient 

THERMAL IMPEDANCE (PER UNIT) 


UFN510 UFN511 UFN512 UFN513 


Fig. 5 — Maximum Effective Transient Thermal Impedance, Junction-to-Case Vs. Pulse Duration 




Fig. 6 — Typical Transconductance Vs. Drain Current 




Fig. 8 — Breakdown Voltage Vs. Temperature 




Tj, JUNCTION TEMPERATURE (°C) 
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RoS(on). ORAIN-TO-SOURCE ON RESISTANCE (OHMS) C, CAPACITANCE (pE) 


UFN510 UFN511 UFN512 UFN513 


Fig. 10 — Typical Capacitance Vs. Drain -to-Source Voltage Fig. 11 — Typical Gate Charge Vs. Gate-to-Source Voltage 



0 10 20 30 40 50 

Vds, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 



0 2 4 6 8 10 

Qg, TOTAL GATE CHARGE (nC) 


Fig. 12 — Typical On-Resistance Vs. Drain Current 
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Fig. 13 — Maximum Drain Current Vs. Case Temperature 



25 50 75 100 125 150 


Iq.ORAIN current (AMPERES) 


Tc, CASE TEMPERATURE (OC) 


Fig. 14 — Power Vs. Temperature Derating Curve 



0 20 40 60 80 100 120 140 

Tc, CASE TEMPERATURE (oC) 
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UFN510 UFN511 UFN512 UFN513 


Fig. 15 — Clamped inductive Test Circuit Fig. 16 — Clamped Inductive Waveforms 



Fig. 17 - Switching Time Test Circuit 



Fig. 18 — Gate Charge Test Circuit 
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POWER MOSFET TRANSISTORS 

100 Volt, 0.3 Ohm 
N-Channel 


UFN520 

UFN52i 

UFN522 

UFN523 


FEATURES 

• Compact Plastic Package 

• Fast Switching 

• Low Drive Current 

• Ease of Paralleling 

• No Second Breakdown 

• Excellent Temperature Stability 


DESCRIPTION 

The Unitrode power MOSFET design utilizes the most advanced technology available. 
This efficient design achieves a very low Roaon) and a high transconductance. 

The Unitrode power MOSFET features all of the advantages of MOS technology such as 
voltage control, freedom from second breakdown, very fast switching speeds, and 
thermal stability. 

These power MOSFETS are ideally suited for many high-speed, high-power switching 
applications such as switching power supplies, motor controls, and wide-band and 
audio amplifiers. 


PRODUCT SUMMARY 


Part Number 

Vds 

RDS(on) 

Id 

UFN520 

lOOV 

o.3on 

8.0A 

UFN521 

60V 

0.30Q 

8.0A 

UFN522 

lOOV 

0.40Q 

7.0A 

UFN523 

60V 

0.400 

7.0A 


MECHANICAL SPECIFICATIONS 
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UFN520 UFN521 UFN522 UFN523 


ABSOLUTE MAXIMUM RATINGS 


Parameter 

UFN520 

UFN521 

UFN522 

UFN523 

Units 

Vqs Drain - Source Voltage © 

100 

60 

100 

60 

V 

Vqqp Drain - Gate Voltage (R (35 = 1 Mfl) ® 

100 

60 

100 

60 

V 

'D @ ~ 25°C Continuous Drain Current 

8.0 

8.0 

7.0 

7.0 

A 

Id@^C“ 100°C Continuous Drain Current 

5.0 

5.0 

4.0 

4.0 

A 

Pulsed Drain Current d) 

32 

32 

28 

28 

A 

Vqs Gats - Source Voltage 

±20 

V 

Pd @ Tq = 25°C Max. Power Dissipation 

40 (See Fig. 14) 

W 

Linear Derating Factor 

0.32 (See Fig. 14) 

W/K 

IlI\/I Inductive Current, Clamped 

(See Fig. 1 5 and 1 6) L = 1 00/iH 

32 1 32 1 28 1 28 

A 

Tj Operating Junction and 

Tgtg Storage Temperature Range 

-55 to 1 50 

°C 

Lead Temperature 

300 (0.063 in. (1 .6mm) from case for 1 0s) 

°C 


ELECTRICAL CHARACTERISTICS @ Tq = 25°C (Unless otherwise specified) 


j Parameter 

Type 

Min. 

Typ. 

Max. 

Units 

Test Conditions 

bvdss 

Drain - Source Breakdown Voltage 

UFN520 

UFN522 

100 

- 

- 

V 

Vqs = OV 




UFN521 

UFN523 

60 

- 

- 

V 

Iq = 250/xA 


1 '^GS(th) Gate Threshold Voltage 

ALL 

2.0 

- 

4.0 

V 

^DS = Vqs- Id = 250/:iA 

•gss 

Gate-Source Leakage Forward 

ALL 

- 

- 

500 

nA 

Vqs = 20V 

'gss 

Gate-Source Leakage Reverse 

ALL 

- 

- 

-500 

nA 

Vqs = -20V 

*DSS 

Zero Gate Voltage Drain Current 

ALL 

- 

- 

250 

fiA 

Vqs “ Max. Rating, Vq 5 

= OV 



- 

- 

1000 

mA 

Vqs = Max. Rating x 0.8, Vqs = OV, Tq = 1 25°C 

*D(on) 

On-State Drain Current (D 

UFN520 

UFN521 

8.0 

- 

- 

A 


V^o = 10V 



UFN522 

UFN523 

7.0 

- 

- 

A 


RDS(on) Static Drain-Source On-State 
Resistance ® 

UFN520 

UFN521 

- 

0.25 

0.30 

SI 

Vqs = lOV, Id = 4.0A 



UFN522 

UFN523 

- 

0.30 

0.40 

S2 

Qfs 

Forward Transconductance (D 

ALL 

1.5 

2.9 

- 

S(0) 

'^DS > 'D(on) ^ ^DS(on) max.' 'd = 

Giss 

Input Capacitance 

ALL 

- 

450 

600 

PF 

Vqs = OV, Vds = 25V, f 
See Fig. 10 

= 1.0 MHz 

Gqss 

Output Capacitance 

ALL 

- 

200 

400 

pF 

Grss 

Reverse Transfer Capacitance 

ALL 

- 

50 

100 

pF 


td(on) 

Turn-On Delay Time 

ALL 

- 

20 

40 

ns 

VqD ^ ^VqsS' 'd 

4.0A, Zq = 50S2 

tr 

Rise Time 

ALL 

- 

35 

70 

ns 

See Fig. 17 


td(off) 

Turn-Off Delay Time 

ALL 

- 

50 

100 

ns 

(MOSFET switching times are essentially 

tf 

Fall Time 

ALL 

- 

35 

70 

ns 

independent of operating temperature.) 

Qg 

Total Gate Charge 
(Gate-Source Plus Gate-Drain) 

ALL 

- 

10 

15 

nC 

Vq 3 = 1 5V, Iq = 1 0A, Vj 3 g = 0.8 Max. Rating. 

See Fig. 1 8 for test circuit. (Gate charge is essentially 

Ggs 

Gate-Source Charge 

ALL 

- 

6.0 

- 

nC 

independent of operating temperature.) 

Ggd 

Gate-Drain ("Miller”) Charge 

ALL 

- 

1 

4.0 

1 

nC 



•-D 

Internal Drain Inductance 

ALL 

— 

3.5 


nH 

Measured from the 
contact screw on tab 
to center of die. 

Modified MOSFET 
symbol showing the 
internal device 
inductances. 




4.5 


nH 

Measured from the 
drain lead, 6mm (0.25 
in.) from package to 
center of die. 

LS 

Internal Source Inductance 

ALL 


7.5 


nH 

Measured from the 
source lead, 6mm 
(0.25 in.) from 
package to source 
bonding pad. 



THERMAL RESISTANCE 


RthJC 

Junction-to-Case 

ALL 

- 

- 

3.12 

K/W 


RthCS 

Case-to-Sink 

ALL 

- 

1.0 

- 

K/W 

Mounting surface flat, smooth, and greased. 

^thJA 

Junction-to-Ambient 

ALL 

- 

- 

80 

K/W 

Free Air Operation 
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UFN520 UFN521 UFN522 UFN523 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


Is Continuous Source Current 

(Body Diode) 

UFN520 

UFN521 

- 

- 

8.0 

A 

Modified MOSFET symbol 
showing the integral 
reverse P-N junction rectifier. 

UFN522 

UFN523 

- 

- 

7.0 

A 

’SM Pulse Source Current 

(Body Diode) (D 

UFN520 

UFN521 

- 

- 

32 

A 

UFN522 

UFN523 

- 

- 


A 

VsD Diode Forward Voltage Q) 


- 

- 

B 

V 

Tc = 25°C, Is = 8.0A, Vqs = OV 


- 

- 

2.3 

V 

Tc = 25®C, Is = 7.0A, Vqs = OV 

tfr Reverse Recovery Time 

ALL 

- 


- 

ns 

Tj = 150®C, Ip = 8.0A, dip/dt = 100A//xs 

QrP Reverse Recovered Charge 

ALL 

- 

IB 

- 

^C 

Tj * IBO^C, Ip = 8.0A, dIp/dt = 100A//xs 


ALL 

Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Ls -i- Lq. | 


® Tj = 25°C to 1 50°C. @ Pulse Test: Pulse width < 300;xs, Duty Cycle < 2%. d) Repetitive Rating: Pulse width limited 

by max. junction temperature. 

See Transient Thermal Impedance Curve (Fig. 5). 


Fig. 1 — Typical Output Characteristics 



0 10 20 30 40 50 

Vos, DRAIN TO-SOURCE VOLTAGE (VOLTS) 


Fig. 2 - Typical Transfer Characteristics 
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0 2 4 6 8 10 

Vgs, GATE-TO SOURCE voltage (VOLTS) 


Fig. 3 — Typical Saturation Characteristics 



0 1 2 3 4 5 

Vos, DRAIN TO-SOURCE VOLTAGE (VOLTS) 


Fig. 4 — Maximum Safe Operating Area 
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UFN520 UFN521 UFN522 UFN523 


Fig, 5 — Maximum Effective Transient Thermal Impedance, Junction-to-Case Vs. Pulse Duration 




Fig. 6 — Typical Transconductance Vs. Drain Current 




0 12 3 4 

VsD, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 


Fig. 8 — Breakdown Voltage Vs. Temperature 
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Tj, JUNCTION TEMPERATURE (OC) 
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UFN520 UFN521 UFN522 UFN523 


Fig. 10 — Typical Capacitance Vs. Drain-to-Source Voltage 


Fig. 11 — Typical Gate Charge Vs. Gate-to<Source Voltage 




0 4 8 12 16 20 

Qg, TOTAL GATE CHARGE (nC) 



0 10 20 30 40 

Iq drain current (AMPERES) 


Fig. 13 — Maximum Drain Current Vs. Case Temperature 



Tc, CASE TEMPERATURE (°C) 


Fig. 14 — Power Vs. Temperature Derating Curve 
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UFN520 UFN521 UFN522 UFN523 


Fig. 15 - Clamped Inductive Test Circuit Fig. 16 — Clamped Inductive Waveforms 



Fig. 17 — Switching Time Test Circuit 



Fig. 18 — Gate Charge Test Circuit 
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POWER MOSFET TRANSISTORS 

100 Volt, 0.18 Ohm 
N-Channel 


UFN530 

UFN531 

UFN532 

UFN533 


FEATURES 

• Compact Plastic Package 

• Fast Switching 

• Low Drive Current 

• Ease of Paralleling 

• No Second Breakdown 

• Excellent Temperature Stability 


DESCRIPTION 

The Unitrode power MOSFET design utilizes the most advanced technology available. 
This efficient design achieves a very low Roston) and a high transconductance. 

The Unitrode power MOSFET features all of the advantages of MOS technology such as 
voltage control, freedom from second breakdown, very fast switching speeds, and 
thermal stability. 

These power MOSFETS are ideally suited for many high-speed, high-power switching 
applications such as switching power supplies, motor controls, and wide-band and 
audio amplifiers. 


PRODUCT SUMMARY 


Part Number 

Vds 

RDS(on) 

Id 

UFN530 

lOOV 

0.180 

14A 

UFN531 

60V 

0.180 

14A 

UFN532 

lOOV 

0.250 

12A 

UFN533 

60V 

0.250 

12A 


MECHANICAL SPECIFICATIONS 
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UFN530 UFN531 UFN532 UFN533 


ABSOLUTE MAXIMUM RATINGS 


Parameter 

UFN530 

UFN531 

UFN532 

UFN533 

Units 

V [)5 Drain - Source Voltage ® 

100 

60 

100 

60 

V 

Vqqp Drain - Gate Voltage (RqS = ^ ® 

100 

60 

100 

60 

V 

•d @ 25°C Continuous Drain Current 

14 

14 

12 

12 

A 

•d@Tc~ 100°C Continuous Drain Current 

9.0 

9.0 

8.0 

8.0 

A 

IqM Pulsed Drain Current (5) 

56 

56 

48 

48 

A 

V (35 Gate - Source Voltage 

±20 

V 

Pd @ ^C ~ 25°C Max. Power Dissipation 

75 (See Fig. 14) 

W 

Linear Derating Factor 

0.6 (See Fig. 14) 

W/K 

ll_l\/l Inductive Current, Clamped 

(See Fig. 1 5 and 1 6) L = 1 00/iH 

56 1 56 1 48 1 48 

A 

Tj Operating Junction and 

Tg^g Storage Temperature Range 

-55 to 150 

°C 

Lead Temperature 

300 (0.063 in. ( 1 .6mm) from case for 1 0s) 



ELECTRICAL CHARACTERISTICS @ Tq = 25‘’C (Unless otherwise specified) 


1 Parameter 

Type 

Min. 

Typ. 

Max. 

Units 

Test Conditions 

BVdsS 

Drain - Source Breakdown Voltage 

UFN530 

UFN532 



- 

V 

Vqs = OV 




UFN531 

UFN533 



- 

V 

Iq = 250^iA 


1 ''^GS(th) Threshold Voltage 

ALL 

\WSEM 

- 

msM 

V 

'^DS ^ ^GS' 'D = 250/xA 

III^B 

Gate-Source Leakage Forward 

ALL 

- 

- 


nA 

Vqs = 20V 

'gss 

Gate-Source Leakage Reverse 

ALL 

- 

- 


nA 

Vqs = -20V 

'dss 

Zero Gate Voltage Drain Current 

ALL 

- 

- 

250 

mA 

Vds = Max. Rating, Vqs 

= OV 



- 

- 

1000 

mA 

Vds = Max. Rating x 0.8, Vqs = OV, Tq = 1 25°C 

'D(on) 

On-State Drain Current (D 

UFN530 

UFN531 

14 

- 

- 

A 

V ■> > X V 

. V^^ = 10V 



UFN532 

UFN533 

12 

- 

- 

A 


^DSIon) 

Static Drain-Source On-State 

Resistance d) 

UFN530 

UFN531 

- 

0.14 

0.18 

fi 

Vqs = lOV, Iq = 8.0A 



UFN532 

UFN533 

- 

0.20 

0.25 

n 

gfs 

Forward Transconductance (I) 

ALL 

4.0 

5.5 

- 

S(0) 

^DS > 'D(on) ^ '^DS(on) max.' 'd = 

^iss 

Input Capacitance 

ALL 

- 

600 

800 

pF 

Vqs = OV, Vds = 25v, f 
See Fig. 10 

= 1.0 MHz 

^oss 

Output Capacitance 

ALL 

- 

300 

500 

PF 

^rss 

Reverse Transfer Capacitance 

ALL 

- 

100 

150 

pF 


^d(on) 

Turn-On Delay Time 

ALL 

- 

- 

30 

1 

ns 

Vdd - 36V, U = 8.0A, Z = 150 I 

tr 

Rise Time 

ALL 

- 

- 

75 

ns 

See Fig. 17 


td(off) 

Turn-Off Delay Time 

ALL 

- 

- 

40 

ns 

(MOSFET switching times are essentially 

tf 

Fall Time 

ALL 

- 

- 

45 

ns 

independent of operating temperature.) 

Qg 

Total Gate Charge 
(Gate-Source Plus Gate-Drain) 

ALL 

- 

18 

30 

nC 

Vq 3 = 10V, Ip = 18A, Vp 3 = 0.8 Max. Rating. 

See Fig. 18 for test circuit. (Gate charge is essentially 

%s 

Gate-Source Charge 

ALL 

- 

9.0 

- 

nC 

independent of operating temperature.) 

Qgd 

Gate-Dram ("Miller”) Charge 

ALL 

- 

9.0 

- 

nC 



Ld 

Internal Dram Inductance 

ALL 

— 

3.5 


nH 

Measured from the 
contact screw on tab 
to center of die. 

Modified- MOSFET 
symbol showing the 
internal device 
inductances. 




4.5 


nH 

Measured from the 
drain lead, 6mm (0.25 
in.) from package to 
center of die. 

LS 

Internal Source Inductance 

ALL 


7.5 


nH 

Measured from the 
source lead, 6mm 
(0.25 in.) from 
package to source 
bonding pad. 

4 $ 


THERMAL RESISTANCE 


BthJC 

Junction-to-Case 

ALL 

- 

- 

1.67 

K/W 


BthCS 

Case-to-Sink 

ALL 

- 

1.0 

- 

K/W 

Mounting surface flat, smooth, and greased. 

BthJA 

Junction-to-Ambient 

ALL 

- 

- 

80 

K/W 

Free Air Operation 
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UFN530 UFN531 UFN532 UFN533 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


Is Continuous Source Current 

(Body Diode) 

UFN530 

UFN531 

- 

- 

14 

A 

Modified MOSFET symbol 
showing the integral 

reverse P-N junction rectifier. o 

UFN532 

UFN533 

- 

- 

12 

A 

Ism Pulse Source Current 

(Body Diode) (D 

UFN530 

UFN531 

- 

- 

56 

A 


- 

- 

48 

A 

VsD Diode Forward Voltage (2) 

UFN530 

UFN531 

- 

- 

2.5 

V 

Tc = 25°C,Is= 14A,Vgs = 0V 

UFN532 

UFN533 

- 

- 

2.3 

V 

Tc = 25°C, Is = 12 A,Vgs = OV 

trr Reverse Recovery Time 

ALL 

- 


- 

ns 

Tj = 150®C, Ip = 14A, dip/dt = lOOAVs 

Qrr Reverse Recovered Charge 

ALL 

- 

bm 

- 

nC 

Tj = 150®C, Ip = 14A, dIp/dt « 100A//xs 

ton Forward Turn-on Time 

ALL 

Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Ls + Lp. | 


® Tj = 25°C to 1 50°C. (2) Pulse Test: Pulse width < 300/xs, Duty Cycle < 2%. Q) Repetitive Rating: Pulse width limited 

by max. junction temperature. 

See Transient Thermal Impedance Curve (Fig. 5). 


Fig. 1 — Typical Output Characteristics 



Vqs, drain TO-SOURCE voltage (VOLTS) 


Fig. 2 — Typical Transfer Characteristics 



0 2 4 6 8 10 


Vgs, GATE-TO SOURCE voltage (VOLTS) 


Fig. 3 — Typical Saturation Characteristics 



0 0 4 0.8 1 2 1 6 2 0 

Vqs, drain to source voltage (VOLTS) 
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Vqs. drain TO-SOURCE VOLTAGE (VOLTS) 
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Z,hJc(0/RthJC' normalized effective transient 


UFN530 UFN531 UFN532 UFN533 


Fig. 5 — Maximum Effective Transient Thermal Impedance, Junction-to-Case Vs. Pulse Duration 



t], SQUARE WAVE PULSE DURATION (SECONDS) 



Fig. 6 — Typical Transconductance Vs. Drain Current 



0 5 to 15 20 25 

Iq, OflAIN CURRENT (AMPERES) 


Fig. 7 — Typical Source-Drain Diode Forward Voltage 



VsD, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 


Fig. 8 — Breakdown Voltage Vs. Temperature Fig. 9 — Normalized On-Resistance Vs. Temperature 



-40 0 40 80 120 160 -40 0 40 80 120 

Tj, JUNCTION TEMPERATURE (“O Tj. JUNCTION TEMPERATURE (OC) 
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’DS(on)' DRAIN-TO-SOURCE ON RESISTANCE (OHMS) 


UFN530 UFN531 UFN532 UFN533 


Fig. 10 — Typical Capacitance Vs. Drain-to-Source Voltage 



0 10 20 30 40 BO 

Vqs, drain to source voltage (VOLTS) 



0 8 16 24 32 40 


Qg, TOTAL GATE CHARGE (nC) 


Fig. 12 — Typical On-Resistance Vs. Drain Current 
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Iq, DRAIN CURRENT (AMPERES) 


1 

'^DSIo 
2.0 m 
— EFFE 

1 

MEASU 
DU RATIO 

:t of 2.0 

RED WITH 
N. INITIAI 
Ijs PULSE 

1 

CURRENT 
Tj = 25° 
S MINIMA 

PULSE 0 
u. (HEATIR 
L.) 

G 


Vc 

S = 10V 






I 




«J 



y 




1 








~''gs = 

20V 



Fig. 13 — Maximum Drain Current Vs. Case Temperature 
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Fig. 14 - Power Vs. Temperature Derating Curve 
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UFN530 UFN531 UFN532 UFN533 


Fig. 15 — Clamped Inductive Test Circuit Fig. 16 — Clamped Inductive Waveforms 



Fig. 17 — Switching Time Test Circuit 



Fig. 18 — Gate Charge Test Circuit 
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POWER MOSFET TRANSISTORS 

100 Volt, 0.085 Ohm 
N-Channel 


UFN540 

UFN541 

UFN542 

UFN543 


FEATURES 

• Compact Plastic Package 

• Fast Switching 

• Low Drive Current 

• Ease of Paralleling 

• No Second Breakdown 

• Excellent Temperature Stability 


DESCRIPTION 

The Unitrode power MOSFET design utilizes the most advanced technology available. 
This efficient design achieves a very low Rosion) and a high transconductance. 

The Unitrode power MOSFET features all of the advantages of MOS technology such as 
voltage control, freedom from second breakdown, very fast switching speeds, and 
thermal stability. 

These power MOSFETS are ideally suited for many high-speed, high-power switching 
applications such as switching power supplies, motor controls, and wide band and 
audio amplifiers. 


PRODUCT SUMMARY 


Part Number 

Vds 

RDS(on) 

Id 

UFN540 

lOOV 

0.085Q 

21k 

UFN541 

60V 

0.0850 

21k 

UFN542 

lOOV 

0.110 

24A 

UFN543 

60V 

0.110 

24A 


MECHANICAL SPECIFICATIONS 
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UFN540 UFN541 UFN542 UFN543 


ABSOLUTE MAXIMUM RATINGS 


Parameter 

UFN540 

UFN541 

UFN542 

UFN543 

Units 

Vds Drain - Source Voltage ® 

100 

60 

100 

60 

V 

Vqqr Drain - Gate Voltage (Rqs ~ ^ ® 

100 

60 

100 

60 

V 

•d @ Tc = 25°C Continuous Drain Current 

27 

27 

24 

24 

A 

*0 @ ^C " 100°C Continuous Drain Current 

17 

17 

15 

15 

A 

Pulsed Drain Current (D 

108 

108 

96 

96 

A 

Vqs Gate - Source Voltage 

±20 

V 

Pq @ Tc = 25°C Max. Power Dissipation 

125 (See Fig. 14) 

W 

Linear Derating Factor 

1.0 (See Fig. 14) 

W/K 

IlI\/I Inductive Current, Clamped 

(See Fig. 1 5 and 1 6) L = 1 OOfxH 

108 1 108 1 96 1 96 

A 

Tj Operating Junction and 

Tgjg Storage Temperature Range 

-55 to 150 

“C 

Lead Temperature 

300 (0.063 in. ( 1 .6mm) from case for 1 0s) 

°C 


ELECTRICAL CHARACTERISTICS @ Tq = 25®C (Unless otherwise specified) 


1 Parameter 

Type 

Min. 

Typ. 

Max. 

Units 

Test Conditions 

BVdss 

Drain - Source Breakdown Voltage 

UFN540 

UFN542 

100 

- 

- 

V 

Vgs = ov 




UFN541 

UFN543 

60 

- 

- 

V 

Iq = 250/iA 


1 V(3S(th) Gate Threshold Voltage 

ALL 

2.0 

- 

4.0 

V 

^DS = ^GS' 'D = 250mA 

•gss 

Gate-Source Leakage Forward 

ALL 

- 

- 

500 

nA 

Vgs = 20V 

'gss 

Gate-Source Leakage Reverse 

ALL 

- 

- 

-500 

nA 

Vgs = '20V 

'dss 

Zero Gate Voltage Drain Current 

ALL 

- 

- 

250 

aA 

Vds “ Max. Rating, Vqs 

= OV 



- 

- 

1000 

aA 

Vds = Max. Rating X 0.8, Vqs = OV, Tq = 125°C 

'D(on) 

On-State Drain Current d) 

UFN540 

UFN541 

27 

- 

- 

A 


.... . V^^ = 10V 



UFN542 

UFN543 

24 

- 


A 


Rosion) Static Drain-Source On-State 
Resistance d) 

UFN540 

UFN541 

- 

0.07 

0.085 

n 

Vgs = lov, Id - iba 



UFN542 

UFN543 

- 

0.09 

0.11 


gfs 

Forward Transconductance © 

ALL 

6.0 

10 

- 

S(U) 

'^DS ^ 'D(on) ^ *^08(00) max.' 'd = 5A 

Giss 

Input Capacitance 

ALL 

- 

1275 

1600 

pF 

Vgs = ov, Vds = 25v, f 

See Fig. 10 

= 1.0 MHz 

Goss 

Output Capacitance 

ALL 

- 

550 

800 

PF 

Gfss 

Reverse Transfer Capacitance 

ALL 

- 

160 

300 

pF 


^d(on) 

Turn-On Delay Time 

ALL 

- 

16 

30 

ns 

Vpjr) = 30V, Ip, = 1 5A, Z 

0 = 

I tp Rise Time 

ALL 

- 

27 

60 

ns 

See Fig. 17 


td(off) 

Turn-Off Delay Time 

ALL 

- 

38 

80 

ns 

(MOSFET switching times are essentially 

tf 

Fall Time 

ALL 

- 

14 

30 

ns 

independent of operating temperature.) 

Qg 

Total Gate Charge 
(Gate-Source Plus Gate-Dram) 

ALL 

- 

38 

60 

nC 

1 

Vqs = ’OV, lo = 34A. V 
See Fig. 1 8 for test circuit 

Qg = 0.8 Max. Rating. 

(Gate charge is essentially 

Qgs 

Gate-Source Charge 

ALL 

- 

17 

- 

nC 

independent of operating temperature.) 

^gd 

Gate-Dram ("Miller") Charge 

1 

ALL 

- 


- 

nC 



Ld 

Internal Drain Inductance 

ALL 

j 

3.5 

i 

nH 

Measured from the 
contact screw on tab 
to center of die. 

Modified MOSFET 
symbol showing the 
internal device 
inductances. 




4.5 


riH 

Measured from the 
drain lead, 6mm (0.25 
in.) from package to 
center of die. 

Ls 

Internal Source Inductance 

ALL 


7.5 


nH 

Measured from the 
source lead, 6mm 
(0.25 in.) from 
package to source 
bonding pad. 

mm 


THERMAL RESISTANCE 


RthJC 

Junction-to-Case 

ALL 

- 


1.0 

l3S3li 


f^thCS 

Case-to-Smk 

ALL 

- 


- 

IBSSB 

Mounting surface flat, smooth, and greased. 

^thJA 

Junction-to-Ambient 

ALL 

- 

- 


IQQH 

Free Air Operation 
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UFN540 UFN541 UFN542 UFN543 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


I 5 Continuous Source Current 

(Body Diode) 

UFN540 

UFN541 

- 

- 

27 

A 

Modified MOSFET symbol 
showing the integral 

reverse P-N junction rectifier. „ 

UFN542 

UFN543 

- 

- 

24 

A 

Ism . Pulse Source Current 
(Body Diode) (D 

UFN540 

UFN541 

- 

- 

108 

A 

UFN542 

UFN543 

- 

- 

96 

A 

VsQ Diode Forward Voltage 2) 

UFN540 

UFN541 

- 

- 

2.5 

V 

Tc = 25°C, Is = 27 A. Vqs = OV 

UFN542 

UFN543 

- 

- 

2.3 

V 

Tc = 25°C,ls = 24A, Vqs = OV 

t^r Reverse Recovery Time 

ALL' 

- 

500 

- 

ns 

Tj = 150®C, Ip = 27 A, dip/dt = lOOA/^s 

QpR Reverse Recovered Charge 

ALL 

- 


- 

fiC 


ton Forward Turn-on Time 

ALL 

Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Ls + Lq. | 


® Tj = 25°C to 1 50®C. <2) Pulse Test: Pulse width < 300ns. Duty Cycle < 2%. (D Repetitive Rating: Pulse width limited 

by max. junction temperature. 

See Transient Thermal Impedance Curve (Fig. 5). 


Fig. 1 — Typical Output Characteristics 



Fig. 2 — Typical Transfer Characteristics 



0 2 4 6 8 10 

Vgs. GATE TO-SOURCE voltage (VOLTS) 


Fig. 3 — Typical Saturation Characteristics 



0 1 2 3 4 5 


Vds, DRAIN-TO-SOURCE voltage (VOLTS) 


Fig. 4 — Maximum Safe Operating Area 
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ZthJC(t)/RthJC> normalized effective transient 

THERMAL IMPEDANCE (PER UNIT) 


UFN540 UFN541 UFN542 UFN543 


Fig. 5 — Maximum Effective Transient Thermal Impedance, Junction-to-Case Vs. Pulse Duration 



Fig. 6 - Typical Transconductance Vs. Drain Current 



Iq, DRAIN CURRENT (AMPERES) 


Fig. 7 — Typical Source-Drain Diode Forward Voltage 



VsD, SOURCE-TO DRAIN VOLTAGE (VOLTS) 


Fig. 8 — Breakdown Voltage Vs. Temperature 
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Tj, JUNCTION TEMPERATURE (OC) 


Fig. 9 — Normalized On-Resistance Vs. Temperature 



Tj, JUNCTION TEMPERATURE (OC) 
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RoSlon). DRAIN-TO-SOURCE ON RESISTANCE (OHMS) 


UFN540 UFN541 UFN542 UFN543 


Fig. 10 — Typical Capacitance Vs. Drain-to-Source Voltage 



Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 

Fig. 12 — Typical On-Resistance Vs. Drain Current 
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Iq, DRAIN CURRENT (AMPERES) 


Fig. 11 — Typical Gate Charge Vs. Gate-to-Source Voltage 



0 20 40 60 80 

Qg, TOTAL GATE CHARGE (nC) 



Tc, CASE TEMPERATURE (OC) 


Fig. 14 — Power Vs. Temperature Derating Curve 
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UFN540 UFN541 UFN542 UFN543 


Fig. 15 - Clamped Inductive Test Circuit Fig. 16 - Clamped Inductive Waveforms 



Fig. 17 - Switching Time Test Circuit 



Fig. 18 — Gate Charge Test Circuit 
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POWER MOSFET TRANSISTORS 

200 Volt 1.5 Ohm 
N-Channel 


DESCRIPTION 

The Unitrode power MOSFET design utilizes the most advanced technology available. 
This efficient design achieves a very low Roscon) and a high transconductance. 

The Unitrode power MOSFET features all of the advantages of MOS technology such as 
voltage control, freedom from second breakdown, very fast switching speeds, and 
thermal stability. 

These power MOSFETS are ideally suited for many high-speed, high-power switching 
applications such as switching power supplies, motor controls, and wide-band and 
audio amplifiers. 


FEATURES 

• Compact Plastic Package 

• Fast Switching 

• Low Drive Current 

• Ease of Paralleling 

• No Second Breakdown 

• Excellent Temperature Stability 


UFN610 

UFN611 

UFN612 

UFN613 


PRODUCT SUMMARY 


Part Number 

Vds 

RDS(on) 

•d 

UFN610 

200V 

i.5n 

2.5A 

UFN611 

150 V 

1.5Q 

2.5A 

UFN612 

200V 

2.4Q 

2.0A 

UFN613 

150 V 

2.4Q 

2.0A 


MECHANICAL SPECIFICATIONS 
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UFN610 UFN611 UFN612 UFN613 


ABSOLUTE MAXIMUM RATINGS 


Parameter 

UFN610 

UFN611 

UFN612 

UFN613 

Units 

\/q 5 Dram - Source Voltage © 

200 

150 

200 

150 

V 

Vqqr Drain - Gate Voltage (Rqs ~ ^ ® 

200 

150 

200 

150 

V 

Id@Tc = 25°C Continuous Drain Current 

2.5 

2.5 

2.0 

2.0 

A 

Id @ Tc - lOO'^C Continuous Drain Current 

1.5 

1.5 

1.25 

1.25 

A 

Id [\/1 Pulsed Drain Current © 

10 

10 

8.0 

8.0 

A 

V (35 Gate - Source Voltage 


V 

Pd @ "'^C ~ 25°C Max. Power Dissipation 

20 (See Fig. 14) 

W 

Linear Derating Factor 

0.16 (See Fig. 14) 

W/K 

IlM Inductive Current, Clamped 

(See Fig. 1 5 and 1 6) L = 1 0O^H 

10 j 10 1 8.0 1 8.0 

A 

T j Operating Junction and 

Tgtg Storage Temperature Range 

-55 to 150 

°C 

Lead Temperature 

300 (0.063 in. ( 1 .6mm) from case for 1 0s) 

°C 


ELECTRICAL CHARACTERISTICS @ Tq = 25°C (Unless otherwise specified) 


1 Parameter 

Type 

Min. 

Typ. 

Max. 

Units 

Test Conditions 

bvdss 

Drain - Source Breakdown Voltage 

UFN610 

UFN612 

200 

- 

- 

V 

Vqs = ov 




UFN611 

UFN613 

150 

- 

- 

V 

Id = 250/xA 


1 ^GS(th) Threshold Voltage 

ALL 

2.0 

- 

4.0 

V 

^DS = '^GS' 'D = 250mA 

•gss 

Gate-Source Leakage Forward 

ALL 

- 

- 


nA 

Vqs = 20V 

'gss 

Gate-Source Leakage Reverse 

ALL 

- 

- 


nA 

Vqs = '^OV 

'dss 

Zero Gate Voltage Drain Current 

ALL 

- 

- 

msm 

^A 

Vds = Max. Rating, Vqs 

= OV 



- 

- 


mA 

Vds ~ Max. Rating x 0.8, V (33 = OV, Tq = 1 25°C 

'D(on) 

On-State Drain Current @ 

UFN610 

UFN611 

2.5 

- 

- 

A 


, V,^^ = 10V 



UFN612 

UFN613 

2.0 

- 

- 

A 




BDS(on) 

Static Drain-Source On-State 

Resistance (2) 

UFN610 

UFN611 

- 

1.0 

1.5 

n 

Vqs = ■'OV, Id = 1-25A 


.. 

UFN612 

UFN613 

- 

1.5 

2.4 

n 

Qfs 

Forward Transconductance (D 

ALL 

0.8 

1.3 

_ 

S(0) 

^DS ^ 'D(on) ^DS(on) max.' 'd = '' ^^A 

C,ss 

Input Capacitance 

ALL 

- 

135 

150 

PF 

Vqs - OV, Vds = 25v, f 
See Fig. 1 0 

= 1.0 MHz 

^oss 

Output Capacitance 

ALL 

- 

60 

80 

PF 

*^rss 

Reverse Transfer Capacitance 

ALL 

- 

16 

25 

pF 


td(on) 

Turn-On Delay Time 

ALL 

- 

8.0 

15 

ns 

Vdd - 0.5 BVd5s, Id = 

1.25A, Zq = 50fi 


Rise Time 

ALL 

- 

15 

25 

ns 

See Fig. 1 7 


^d(off) 

Turn-Off Delay Time 

ALL 

- 

10 

15 

ns 

(MOSFET switching times are essentially 

tf 

Fall Time 

ALL 

- 

8.0 

15 

ns 

independent of operating temperature.) 

Qg 

Total Gate Charge 
(Gate-Source Plus Gate-Drain) 

ALL 

~ 

5.0 

7.5 

nC 

Vq 3 = 10V, Ip = 3.0A, Vp 5 = 0.8 Max. Rating. 

See Fig. 1 8 for test circuit. (Gate charge is essentially 

Qgs 

Gate-Source Charge 

ALL 


2.0 

- 

nC 

independent of operating temperature.) 

Ugd 

Gate- Dram ("Miller") Charge 

ALL 

- 

3.0 

- 

nC 



Ld 

Internal Drain Inductance 

ALL 


3.5 


nH 

Measured from the 
contact screw on tab 
to center of die. 

Modified MOSFET 
symbol showing the 
internal device 
inductances. 




4.5 

i 

j 

nH 

Measured from the 
drain lead, 6mm (0.25 
in.) from package to 
center of die. 

LS 

Internal Source Inductance 

ALL 


7.5 


nH 

Measured from the 
source lead, 6mm 
(0.25 in.) from 
package to source 
bonding pad. 



THERMAL RESISTANCE 


BthJC 

Junction-to-Case 

ALL 

- 

- 

6.4 

K/W 


BthCS 

Case-to-Sink 

ALL 

- 

1.0 

- 

K/W 

Mounting surface flat, smooth, and greased. 

BthJA 

Junction-to-Ambient 

ALL 

- 

- 

80 

K/W 

Free Air Operation 
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UFN610 UFN611 UFN612 UFN613 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


Is Continuous Source Current 

(Body Diode) 

UFN610 

UFN611 

- 

- 

2.5 

A 

Modified MOSFET symbol 
showing the integral 
reverse P-N junction rectifier. 

UFN612 

UFN613 

- 

- 

2.0 

A 

*SM Pulse Source Current 

(Body Diode) (D 

UFN610 

UFN611 

- 

- 

10 

A 

UFN612 

UFN613 

- 

- 

8.0 

A 

VsD Diode Forward Voltage © 

UFN610 

UFN611 

- 

- 

2.0 

V 

Tc = 25°C,ls = 2.5 A,Vgs = OV 

UFN612 

UFN613 

- 

- 

1.8 

V 

Tc = 25°C, Is = 2.0A, Vqs = OV 

t^r Reverse Recovery Time 

ALL 

- 

290 

- 

ns 

Tj = 150®C, Ip = 2.5A, dlp/dt = lOOA/^s 

Qrr Reverse Recovered Charge 

ALL 

- 

CEI 

- 

txC 

Tj = 150®C, Ip = 2. 5A, dlp/dt = 100A//iS 

tQD Forward Turn-on Time 

ALL 

Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Ls + Lq. | 


(T) Tj = 25°C to 1 50°C. (D Pulse Test: Pulse width < 300/xs, Duty Cycle < 2%. d) Repetitive Rating: Pulse width limited 

by max. junction temperature. 

See Transient Thermal Impedance Curve (Fig. 5). 


Fig. 1 — Typical Output Characteristics 



Vos, DRAIN TQ-SOURCE VOLTAGE (VOLTS) 



0 2 4 6 8 10 

Vqs. GATE-TO source voltage (VOLTS) 


Fig. 3 — Typical Saturation Characteristics 


Fig. 4 — Maximum Safe Operating Area 



Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 



UNITRODE CORPORATION • 5 FORBES ROAD 
LEXINGTON, MA 02173 • TEL. (617) 861-6540 
TWX (710) 326-6509 • TELEX 95-1064 


4-426 


PRINTED IN U.S.A. 












ZthJC<’)/RlhJC- normalized EFFECTIVE TRANSIENT 
THERMAL IMPEDANCE {PER UNIT) 


UFN610 UFN611 UFN612 UFN613 


Fig. 5 — Maximum Effective Transient Thermal Impedance, Junction-to-Case Vs. Pulse Duration 




Fig. 6 — Typical Transconductance Vs. Drain Current 


Fig. 7 — Typical Source-Drain Diode Forward Voltage 



|0, DRAIN CURRENT (AMPERES) 



0 1.0 2.0 3.0 4.0 5,0 

Vsd.SOURCE-TO-ORAIN voltage (VOLTS) 


Fig. 8 — Breakdown Voltage Vs. Temperature 



Tj, JUNCTION TEMPERATURE (“O 
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UFN610 UFN611 UFN612 UFN613 


Fig. 10 — Typical Capacitance Vs. Drain -to-Source Voltage Fig. 11 — Typical Gate Charge Vs. Gate-to-Source Voltage 



Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 



0 2 4 6 8 10 

Qg, TOTAL GATE CHARGE (nC) 


Fig. 12 — Typical On-Resistance Vs. Drain Current 


1 1 1 1 1 1 1 
RpS(on) measured WITH CURRENT PULSE OF 

2.0 MS DURATION. INITIAL Tj = 25°C. (HEATING 
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Ip, DRAIN CURRENT (AMPERES) 


Tc, CASE TEMPERATURE (OC) 
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Tc, CASE TEMPERATURE (<>0 
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UFN610 UFN611 UFN612 UFN613 


Fig. 15 — Clamped Inductive Test Circuit Fig. 16 — Clamped Inductive Waveforms 




Fig. 17 — Switching Time Test Circuit 



Fig. 18 — Gate Charge Test Circuit 



SHUNT SHUNT 


UNITRODE CORPORATION • 5 FORBES ROAD 
LEXINGTON, MA 02173 • TEL. (617) 861-6540 
TWX (710) 326-6509 • TELEX 95-1064 


4-429 


PRINTED IN U S A 




POWER MOSFET TRANSISTORS 

200 Volt, 0.8 Ohm 
N-Channel 


UFN620 

UFN621 

UFN622 

UFN623 


FEATURES 

• Compact Plastic Package 

• Fast Switching 

• Low Drive Current 

• Ease of Paralleling 

• No Second Breakdown 

• Excellent Temperature Stability 


DESCRIPTION 

The Unitrode power MOSFET design utilizes the most advanced technology available. 
This efficient design achieves a very low Roston) and a high transconductance. 

The Unitrode power MOSFET features all of the advantages of MOS technology such as 
voltage control, freedom from second breakdown, very fast switching speeds, and 
thermal stability. 

These power MOSFETS are ideally suited for many high-speed, high-power switching 
applications such as switching power supplies, motor controls, and wide-band and 
audio amplifiers. 


PRODUCT SUMMARY 


Part Number 

Vds 

RDS(on) 

Id 

UFN620 

200V 

o.8n 

5.0A 

UFN621 

150V 

o.8n 

5.0A 

UFN622 

200V 

1.2Q 

4.0A 

UFN623 

150 V 

1.20 

4.0A 


MECHANICAL SPECIFICATIONS 
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UFN620 UFN621 UFN622 UFN623 


ABSOLUTE MAXIMUM RATINGS 


Parameter 

UFN620 

UFN621 

UFN622 

UFN623 

Units 

V[)5 Drain - Source Voltage © 

200 

150 

200 

150 

V 

Vq( 3 p Drain - Gate Voltage (Rqs ~ ^ ® 

200 

150 

200 

150 

V 

Iq @ Tq = 25°C Continuous Drain Current 

5.0 

5.0 

4.0 

4.0 

A 

'd @ ^C “ 100°C Continuous Dram Current 

3.0 

3.0 

2.5 

2.5 

A 

Idm Pulsed Drain Current (3) 

20 

20 

16 

16 

A 

Vq 3 Gate - Source Voltage 

±20 

V 

Pd @ "^C ~ 25°C Max. Power Dissipation 

40 (See Fig. 14) 

W 

Linear Derating Factor 

0.32 (See Fig. 14) 

W/K 

l|_l\/l Inductive Current, Clamped 

(See Fig. 15and 16) L = lOO^iH 

20 1 20 1 16 1 16 

A 

Tj Operating Junction and 

Tg^g Storage Temperature Range 

-55 to 150 

°C 

Lead Temperature 

300 (0.063 in. (1 .6mm) from case for 10s) 

°C 


ELECTRICAL CHARACTERISTICS @ Tc = 25°C (Unless otherwise specified) 


Parameter 

Type 

Mm. 

Typ. 

Max. 

Units 

Test Conditions 

BVdsS ■ Source Breakdown Voltage 

UFN620 

UFN622 

200 

- 

- 

V 

Vqs = OV 

Id = 250|zA 

UFN621 

UFN623 

150 

- 

- 

V 

VGS(th) Threshold Voltage 

ALL 

2.0 

- 

4.0 

V 

'^DS = '^GS' 'd 250mA 

1(355 Gate-Source Leakage Forward 

ALL 

- 

- 

500 

nA 

Vqs = 20V 

*GSS Gate-Source Leakage Reverse 

ALL 

- 

- 

-500 

nA 

Vqs = - 20V 

loss Zero Gate Voltage Drain Current 

ALL 

- 

- 

250 

mA 

Vds = Max. Rating, V(35 = OV 

- 

- 

1000 

/zA 

Vds = Max. Rating x 0.8, V(35 = OV, Tq = 1 25°C 

'D(on) On-State Dram Current (I) 

UFN620 

UFN621 

5.0 

- 

- 

A 

^DS > 'D(on) ^ ^DS(on) max.' ^GS = 

UFN622 

UFN623 

4.0 

- 

- 

A 

RQS(on) Static Drain-Source On-State 

Resistance © 

UFN620 

UFN621 


0.5 

0.8 

n 

Vgs= 10V,Id = 2.5A 

UFN622 

UFN623 

- 

0.8 

1.2 

n 

gfs Forward Transconductance © 

ALL 

1.3 

2.5 

- 

S(0l 

^DS ^ 'D(on) ^DS(on) max.' 'd = 

C|55 Input Capacitance 

ALL 

- 

450 

600 

pF 

V(35 = OV, Vds = 25V, f = 1 .0 MHz 

See Fig. 10 

Cqss Output Capacitance 

ALL 

- 

150 

300 

pF 

Cfss Reverse Transfer Capacitance 

ALL 

- 

40 

80 

pF 

td(on) Turn-On Delay Time 

ALL 

- 

20 

40 

ns 

Vdd = 2.5BVd5s, Id = 2.5A,Z^ = 50Q 

See Fig. 1 7 

(MOSFET switching times are essentially 
independent of operating temperature.) 

t,- Rise Time 

ALL 

- 

30 

60 

ns 

td(off) Turn-Off Delay Time 

ALL 

- 

50 

100 

ns 

tf Fall Time 

ALL 

- 

30 

60 

ns 

Qg Total Gate Charge 

(Gate-Source Plus Gate-Dram) 

ALL 

- 

1 1 

15 

nC 

Vgg = 50V, Ip = 6.0A, Vds ^ ° ® 

See Fig. 1 8 for test circuit. (Gate charge is essentially 
independent of operating temperature.) 

Qgg Gate-Source Charge 

ALL 

- 

5.0 

- 

nC 

Qgd Gate-Dram ("Miller") Charge 

ALL 

- 

6.0 

- 

nC 

Lq Internal Dram Inductance 

— 

ALL 

1 

3.5 

— 

1 nH 

Measured from the 
contact screw on tab 
to center of die. 

Modified MOSFET 
symbol showing the 
internal device 
inductances. 


4.5 


nH 

Measured from the 
drain lead, 6mm (0.25 
m.) from package to 
center of die. 

L5 Internal Source Inductance 

ALL 


7.5 


nH 

Measured from the 
source lead, 6mm 
(0.25 in.) from 
package to source 
bonding pad. 


THERMAL RESISTANCE 


RthJC 

Junction-to-Case 

ALL 

- 

- 

3.12 

K/W 


RthCS 

Case-to-Sink 

ALL 


1.0 

- 

K/W 

Mounting surface flat, smooth, and greased. 

^thJA 

Junction-to-Ambient 

ALL 

- 

- 

80 

K/W 

Free Air Operation 
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ZthJcW/RthJC. normalized effective transient 

THERMAL IMPEDANCE (PER UNIT) 


UFN620 UFN621 UFN622 UFN623 


Fig. 5 — Maximum Effective Transient Thermal Impedance, Junction-to-Case Vs. Pulse Duration 



Fig. 6 — Typical Transconductance Vs. Drain Current 




0 12 3 4 

Vsq.SOURCE-TO-DRAIN voltage (VOLTS) 


Fig. 8 — Breakdown Voltage Vs. Temperature 



-40 0 40 80 120 160 

Tj, JUNCTION TEMPERATURE (OC) 



Tj, JUNCTION TEMPERATURE (QC) 
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RoSlon)' ORAIN-TO SOURCE ON RESISTANCE (OHMS) 


UFN620 UFN621 UFN622 UFN623 


Fig, 10 — Typical Capacitance Vs, Drain -to -Source Voltage 



Fig, 12 — Typical On-Resistance Vs, Drain Current 



0 5 10 15 20 


Iq, drain current (AMPERES) 



0 4 8 12 16 20 

Qg, TOTAL GATE CHARGE (nC) 



Tc, CASE TEMPERATURE (OC) 


Fig, 14 — Power Vs, Temperature Derating Curve 
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Tc, CASE TEMPERATURE (OC) 
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Vqs 


UFN620 UFN621 UFN622 UFN623 


Fig. 15 — Clamped Inductive Test Circuit Fig. 16 — Clamped Inductive Waveforms 




Fig. 17 — Switching Time Test Circuit 



Fig. 18 — Gate Charge Test Circuit 
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POWER MOSFET TRANSISTORS 

200 Volt, 0.4 Ohm 
N-Channel 


UFN630 

UFN631 

UFN632 

UFN633 


FEATURES 

• Compact Plastic Package 

• Fast Switching 

• Low Drive Current 

• Ease of Paralleling 

• No Second Breakdown 

• Excellent Temperature Stability 


DESCRIPTION 

The Unitrode power MOSFET design utilizes the most advanced technology available. 
This efficient design achieves a very low Roston) and a high transconductance. 

The Unitrode power MOSFET features all of the advantages of MOS technology such as 
voltage control, freedom from second breakdown, very fast switching speeds, and 
thermal stability. 

These power MOSFETS are ideally suited for many high-speed, high-power switching 
applications such as switching power supplies, motor controls, and wide-band and 
audio amplifiers. 


PRODUCT SUMMARY 


Part Number 

Vds 

RDS(on) 

Id 

UFN630 

200V 

0.4Q 

9.0A 

UFN631 

150 V 

0.4Q 

9.0A 

UFN632 

200V 

0.6Q 

8.0A 

UFN633 

150 V 

0.60 

8.0A 


MECHANICAL SPECIFICATIONS 
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UFN630 UFN631 UFN632 UFN633 


ABSOLUTE MAXIMUM RATINGS 


Parameter 

UFN630 

UFN631 

UFN632 

UFN633 

Units 

Vqs Dram - Source Voltage 0 

200 

150 

200 

150 

V 

Vqqr Dram - Gate Voltage (Rqs ^ ® 

200 

150 

200 

150 

V 

*D@^C ~ 25°C Continuous Drain Current 

9.0 

9.0 

8.0 

8.0 

A 

•d@^C“ 100°C Continuous Drain Current 

6.0 

6.0 

5.0 

5.0 

A 

l[)l\/] Pulsed Drain Current Q) 

36 

36 

32 

32 

A 

Vqs Gate - Source Voltage 

±20 

V 

Pd @ Tc = 25°C Max. Power Dissipation 

75 (See Fig. 14) 

W 

Linear Derating Factor 

0.6 (See Fig. 14) 

W/K 

IlIVI Inductive Current, Clamped 

(See Fig. 1 5 and 1 6) L = iOO^H 

36 1 36 1 32 1 32 

A 

Tj Operating Junction and 

Tg^g Storage Temperature Range 

-55 to 150 

°C 

Lead Temperature 

300 (0.063 in. (1 .6mm) from case for 1 0s) 

°C 


ELECTRICAL CHARACTERISTICS @ Tc = 25°C (Unless otherwise specified) 


1 Parameter 

Type 

Mm. 

Typ. 

Max. 

Units 

Test Conditions 

bvdss 

Dram - Source Breakdown Voltage 

UFN630 

UFN632 

200 

- 

- 

V 

Vgs = OV 




UFN631 

UFN633 

150 

- 

- 

V 

Id = 250/xA 


1 VQ 5 (^h) Gate Threshold Voltage 

ALL 

2.0 

- 

4.0 

V 

^DS " '^GS' 'D " 250/xA 

'gss 

Gate-Source Leakage Forward 

ALL 

- 

- 

500 

nA 

Vgs - 20V 

'gss 

Gate-Source Leakage Reverse 

ALL 

- 

- 

-500 

nA 

Vgs = -20V 

•dss 

Zero Gate Voltage Drain Current 

ALL 

- 

- 

250 

mA 

Vqs = Max. Rating, Vgs 

- OV 



- 

- 

1000 

mA 

Vqs = Max. Rating x 0.8, Vgs = OV, Tq = 1 25°C 

^Dlon) 

On-State Dram Current (D 

UFN630 

UFN631 

9.0 

- 

- 

A 


, Vr^o = 10V 



UFN632 

UFN633 

8 0 

- 

- 

A 


f^DS(on) 

Static Dram-Source On-State 

Resistance 0 

UFN630 

UFN631 

- 

0.25 

0.4 

fi 

Vgs = lov. Id = s.oa 



UFN632 

UFN633 

- 

0.4 

0.6 

n 

9fs 

Forward Transconductance (2) 

ALL 

3.0 

4.8 

- 

S (0) 

^DS ^ 'D(on) ^DS(on) max.' 'd = 

^iss 

Input Capacitance 

ALL 

- 

600 

800 

pF 

Vgs = OV, Vds = 25v, f 
See Fig. 10 

- 1.0 MHz 

^oss 

Output Capacitance 

ALL 

- 

250 

450 

pF 

Crss 

Reverse Transfer Capacitance 

ALL 

- 

80 

150 

pF 


^d(on) 

Turn-On Delay Time 

ALL 

- 

- 

30 

ns 

Vdd = 90V, U = 5.0A, Z = 1 5Q I 

tr 

Rise Time 

ALL 

- 

- 

50 

ns 

See Fig. 17 


td(off) 

Turn-Off Delay Time 

ALL 

- 

- 

50 

ns 

(MOSFET switching times are essentially 

tf 

Fall Time 

ALL 


- 

40 

ns 

independent of operating temperature.) 

Qg 

Total Gate Charge 
(Gate-Source Plus Gate-Dram) 

ALL 

- 

19 

30 

nC 

Vgs ~ 1 0V, Iq = 1 2A, Vpg = 0.8 Max. Rating. 

See Fig. 1 8 for test circuit. (Gate charge is essentially 

Qgs 

Gate-Source Charge 

ALL 

- 

10 

- 

nC 

independent of operating temperature.) 

Qgd 

Gate-Dram ("Miller”) Charge 

ALL 


9.0 

- 

nC 



•-D 

Internal Dram Inductance 

ALL 

~ 

1 

3.5 


nH 

Measured from the 
contact screw on tab 
to center of die. 

Modified MOSFET 
symbol showing the 
internal device 
inductances. 




4.5 


nH 

Measured from the 
drain lead, 6mm (0.25 
in.) from package to 
center of die. 

LS 

Internal Source Inductance 

ALL 


7.5 


nH 

Measured from the 
source lead, 6mm 
(0.25 m.) from 
package to source 
bonding pad. 



THERMAL RESISTANCE 


RthJC 

Junction-to-Case 

ALL 

- 

- 

1,67 

K/W 


RthCS 

Case-to-Smk 

ALL 

_ 

1.0 

- 

K/W 

Mounting surface flat, smooth, and greased. 

RthJA 

Junction-to- Ambient 

ALL 

- 

- 

80 

K/W 

Free Air Operation 
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UFN630 UFN631 UFN632 UFN633 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


Is Continuous Source Current 

(Body Diode) 

UFN630 

UFN631 

- 

- 

9.0 

A 

. 

Modified MOSFET symbol 
showing the integral 
reverse P-N junction rectifier. 

UFN632 

UFN633 

- 

- 

8.0 

A 

Ism Pulse Source Current 

(Body Diode) (D 

UFN630 

UFN631 

- 

- 

36 

A 

UFN632 

UFN633 

- 

- 

32 

A 

VsD Diode Forward Voltage d) 

UFN630 

UFN631 

- 

- 

2.0 

V 

Tc = 25°C, Is = 9.0A, Vqs = OV 

UFN632 

UFN633 

- 

- 

1.8 

V 

Tc = 25°C, Is = 8.0A, Vqs = OV 

trr Reverse Recovery Time 

ALL 

- 

450 

- 

ns 

Tj = 150®C, Ip = 9.0A, dip/dt = 100 A//ts 

Qpp Reverse Recovered Charge 

ALL 

- 

3.0 

- 

fiC 

Tj = 150®C, Ip = 9.0A,dlp/dt = 100A//xs 

^on Forward Turn-on Time 

ALL 

Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Ls + Lq. J 


©Tj = 25°C to 1 50°C, (D Pulse Test: Pulse width < SOO/us, Duty Cycle < 2%. (I) Repetitive Rating: Pulse width limited 

by max. junction temperature. 

See Transient Thermal Impedance Curve (Fig. 5). 


Fig. 1 — Typical Output Characteristics 



0 20 40 60 80 100 

VqS, drain TO-SOURCE voltage (VOLTS) 


Fig. 2 — Typical Transfer Characteristics 



0 1 2 3 4 5 6 7 

Vqs, gate TO-SOURCE voltage (VOLTS) 


Fig. 3 — Typical Saturation Characteristics 



0 1 2 3 4 5 

Vqs, DRAIN-TO-SOURCE voltage (VOLTS) 


Fig. 4 - Maximum Safe Operating Area 
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UFN630 UFN631 UFN632 UFN633 


Fig. 5 — Maximum Effective Transient Thermal Impedance, Junction-to-Case Vs, Pulse Duration 




Fig. 6 — Typical Transconductance Vs. Drain Current 



0 2 4 6 8 10 

Id, drain current (amperes) 


Fig. 7 — Typical Source-Drain Diode Forward Voltage 
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UFN630 UFN631 UFN632 UFN633 



0 10 20 30 40 50 

Vqs, orain-to-source voltage (V0LTS» 


Fig. 12 — Typical On-Resistance Vs. Drain Current 



0 8 16 24 32 40 

Qg, TOTAL GATE CHARGE (nC) 


Fig. 13 — Maximum Drain Current Vs. Case Temperature 



I ^ ^ I -j ^ ^ I I 

0 10 20 30 40 

Iq, drain current (AMPERES) 



25 50 75 100 125 150 

Tc, CASE TEMPERATURE (OC) 


Fig. 14 — Power Vs. Temperature Derating Curve 
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UFN630 UFN631 UFN632 UFN633 


Fig. 15 — Clamped Inductive Test Circuit 


Fig. 16 — Clamped Inductive Waveforms 




Fig. 17 — Switching Time Test Circuit 



Fig. 18 - Gate Charge Test Circuit 
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POWER MOSFET TRANSISTORS 

200 Volt, 0.2 Ohm 
N-Channel 


UFN640 

UFN641 

UFN642 

UFN643 


FEATURES 

• Compact Plastic Package 

• Fast Switching 

• Low Drive Current 

• Ease of Paralleling 

• No Second Breakdown 

• Excellent Temperature Stability 


DESCRIPTION 

The Unitrode power MOSFET design utilizes the most advanced technology available. 
This efficient design achieves a very low Rosion) and a high transconductance. 

The Unitrode power MOSFET features all of the advantages of MOS technology such as 
voltage control, freedom from second breakdown, very fast switching speeds, and 
thermal stability. 

These power MOSFETS are ideally suited for many high-speed, high-power switching 
applications such as switching power supplies, motor controls, and wide-band and 
audio amplifiers. 


PRODUCT SUMMARY 


Part Number 

Vds 

RpSton) 

Id 

UFN640 

200V 

0.18Q 

18A 

UFN641 

150 V 

0.18fi 

18A 

UFN642 

200V 

0.22Q 

16A 

UFN643 

150 V 

0.22Q 

16A 


MECHANICAL SPECIFICATIONS 


UFN640 UFN641 UFN642 UFN643 



Dimensions in Millimeters and (Inches) 
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UFN640 UFN641 UFN642 UFN643 


ABSOLUTE MAXIMUM RATINGS 


Parameter 

UFN640 

UFN641 


UFN643 

Units 

Vq 5 Drain - Source Voltage © 

200 

150 

200 

150 

V 

Vqqr Drain - Gate Voltage (Rqs = 1 MQ) © 

200 

150 

200 

150 

V 

•d @ ~ 25°C Continuous Drain Current 

18 

18 

16 

16 

A 

•d@^C“ IOO^C Continuous Drain Current 

11 

11 

10 

10 

A 

Ipfy/I Pulsed Drain Current (D 

72 

72 

64 

64 

A 

Vq 5 Gate - Source Voltage 

±20 

V 

Pd @ ^C =" 25°C Max. Power Dissipation 

125 (See Fig. 14) 

W 

Linear Derating Factor 

1.0 (See Fig. 14) 

W/K 

IlI\/I Inductive Current, Clamped 

(See Fig. 1 5 and 1 6) L = 1 0O^H 

72 1 72 1 64 1 64 

A 

Tj Operating Junction and 

Tg^g Storage Temperature Range 

-55 to 150°C 

°C 

Lead Temperature 

300 (0.064 in. ( 1 .6mm) from case for 1 0s) 

°C 


ELECTRICAL CHARACTERISTICS @ Tc ^ 25‘’C (Unless otherwise specified) 


1 Parameter 

Type 

Min. 

Typ. 

Max. 

Units 

Test Conditions 

BVpss 

Dram - Source Breakdown Voltage 

UFN640 

UFN642 

200 

- 

- 

V 

Vgs = ov 




UFN641 

UFN643 

150 

- 

- 

V 

Ip = 250mA 


1 V( 35 |^f^) Gate Threshold Voltage 

ALL 

2.0 

- 

4.0 

V 

^DS = '^GS' 'D = 250/xA 

'gss 

Gate-Source Leakage Forward 

ALL 

- 

- 

500 

nA 

Vgs = 20V 

'gss 

Gate-Source Leakage Reverse 

ALL 


- 

-500 

nA 

Vgs = -20V 

•dss 

Zero Gate Voltage Drain Current 

ALL 


- 

250 

mA 

Vps = Max. Rating, Vgs 

= OV 




- 

1000 

fiA 

Vps - Max. Rating x 0.8, Vgs ~ ^C ~ ^ 25°C 

*D(on) 

On-State Drain Current @ 

UFN640 

UFN641 

18 

- 

- 

A 

^DS ^ 'D(on) ^ f^DS(on) max.' ^GS = 



UFN642 

UFN643 

16 

- 

- 

A 

RDS(on) Static Drain-Source On-State 

Resistance © 

UFN640 

UFN641 

- 

0.14 

0.18 

fi 

Vgs = ■'0^' 'd = “lOA 



UFN642 

UFN643 

- 

0.20 

0.22 

n 

9fs 

Forward Transconductance © 

ALL 

6.0 

10 

- 

S(0) 

^DS > 'D(on) ^ ^DS(on) max.' 'd = 

^iss 

Input Capacitance 

ALL 

- 

1275 

1600 

pF 

Vgs = ov, Vps - 25v, f 
See Fig. 1 0 

= 1.0 MHz 

^oss 

Output Capacitance 

ALL 

- 

500 

750 

pF 

^rss 

Reverse Transfer Capacitance 

ALL 

- 

160 

300 

pF 


^d(on) 

Turn-On Delay Time 

ALL 

- 

16 

30 

ns 

Vnn = 75V, In = 10A, Z 

0 = 

tf 

Rise Time 

ALL 

- 

27 

60 

ns 

See Fig. 1 7 


^d(off) 

Turn-Off Delay Time 

ALL 

- 

40 

80 

ns 

(MOSFET switching times are essentially 

tf 

Fall Time 

ALL 

- 

31 

60 

ns 

independent of operating temperature.) 

Qg 

Total Gate Charge 
(Gate-Source Plus Gate-Drain) 

ALL 

- 

43 

60 

nC 

Vq 5 * 10V, Ip * 22A, Vpg = 0.8 Max. Rating. 

See Fig. 1 8 for test circuit. (Gate charge is essentially 

Qgs 

Gate-Source Charge 

ALL 

- 

16 

- 

nC 

independent of operating temperature.) 

^gd 

Gate-Drain ("Miller") Charge 

ALL 

- 

27 

- 

nC 



Ld 

Internal Dram Inductance 

ALL 

— 

3.5 

_ 

nH 

Measured from the 
contact screw on tab 
to center of die. 

Modified MOSFET 
symbol showing the 
internal device 
inductances. 




4.5 


nH 

Measured from the 
dram lead, 6mm (0.25 
in.) from package to 
center of die. 

>-s 

Internal Source Inductance 

ALL 


7.5 


nH 

Measured from the 
source lead, 6mm 
(0.25 m.) from 
package to source 
bonding pad. 



THERMAL RESISTANCE 


f^thJC 

Junction-to-Case 

ALL 

- 

- 

1.0 

K/W 


RthCS 

Case-to-Sink 

ALL 

- 

1.0 

- 

K/W 

Mounting surface flat, smooth, and greased. 

F<thJA 

Junction-to- Ambient 

ALL 

- 

- 

80 

K/W 

Free Air Operation 
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UFN640 UFN641 UFN642 UFN643 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


Is Continuous Source Current 

(Body Diode) 

UFN640 

UFN641 

- 

- 

18 

A 

Modified MOSFET symbol 

showing the integral 

reverse P-N junction rectifier. ^ 

UFN642 

UFN643 

- 

- 

16 

A 

Ism Pulse Source Current 

(Body Diode) (D 

UFN640 

UFN641 

- 

- 

72 

A 

UFN642 

UFN643 

- 

- 

64 

A 

VsD Diode Forward Voltage (D 

UFN640 

UFN641 

- 

- 

2.0 

V 

Tc = 25°C, Is = 18A, Vqs = OV 

UFN642 

UFN643 

- 

- 

1.9 

V 

Tc = 25°C, Is = 16A, Vqs = OV 

trr Reverse Recovery Time 

ALL 

- 


- 

ns 

Tj = 150®C, Ip = 18A,dlp/dt = 100A//iS 

Qrr Reverse Recovered Charge 

ALL 

- 

Km 

- 

(iC 


ton Forward Turn-on Time 

ALL 

Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Ls + Lp. | 


(D Tj = 25°C to 1 50®C. (2) Pulse Test: Pulse width < 200ns, Duty Cycle < 2%. <1) Repetitive Rating: Pulse width limited 

by max. junction temperature. 

See Transient Thermal Impedance Curve (Fig. 5). 


Fig. 1 — Typical Output Characteristics 



Fig. 3 — Typical Saturation Characteristics 



0 1 2 3 4 5 

Vos, ORAIN TO-SOURCE VOLTAGE (VOLTS) 


Fig. 2 — Typical Transfer Characteristics 



0 2 4 6 8 10 

Vqs, GATE TO-SOURCE voltage (VOLTS) 



'l.O 2 5 10 20 50 100 200 500 


Vos, DRAIN-TO-SOURCE voltage (VOLTS) 
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ZthJC(»)/RthJC. normalized EFFECTIVE TRANSIENT 
THERMAL IMPEDANCE (PER UNIT) 


UFN640 UFN641 UFN642 UFN643 


Fig. 5 — Maximum Effective Transient Thermal Impedance, Junction-to-Case Vs. Pulse Duration 




Fig. 6 — Typical Transconductance Vs. Drain Current 




Fig, 8 — Breakdown Voltage Vs. Temperature 



Tj, JUNCTION TEMPERATURE (OC) 
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RDS(on). DRAIN TO SOURCE ON RESISTANCE (OHMS) 


UFN640 UFN641 UFN642 UFN643 


Fig. 10 — Typical Capacitance Vs. Drain-to-Source Voltage 



Vos, ORAIN-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 11 - Typical Gate Charge Vs. Gate-to-Source Voltage 



0 20 40 60 80 

Qg, TOTAL GATE CHARGE (nC) 


Fig. 12 — Typical On-Resistance Vs. Drain Current Fig. 13 — Maximum Drain Current Vs. Case Temperature 



Iq, DRAIN CURRENT (AMPERES) 


Tc, CASE TEMPERATURE (^C) 


Fig. 14 — Power Vs. Temperature Derating Curve 



0 20 40 60 80 100 120 140 

Tc, CASE TEMPERATURE («C) 
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UFN640 UFN641 UFN642 UFN643 


Fig. 15 — Clamped Inductive Test Circuit 


Fig. 16 — Clamped Inductive Waveforms 




Fig. 17 — Switching Time Test Circuit 



Fig. 18 - Gate Charge Test Circuit 
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POWER MOSFET TRANSISTORS 

400 Volt, 3.6 Ohm 
N-Channel 


UFN710 

UFN711 

UFN712 

UFN713 


FEATURES 

• Compact Plastic Package 

• Fast Switching 

• Low Drive Current 

• Ease of Paralleling 

• No Second Breakdown 

• Excellent Temperature Stability 


DESCRIPTION 

The Unitrode power MOSFET design utilizes the most advanced technology available. 
This efficient design achieves a very low RDS(on) and a high transconductance. 

The Unitrode power MOSFET features all of the advantages of MOS technology such as 
voltage control, freedom from second breakdown, very fast switching speeds, and 
thermal stability. 

These power MOSFETS are ideally suited for many high-speed, high-power switching 
applications such as switching power supplies, motor controls, and wide-band and 
audio amplifiers. 


PRODUCT SUMMARY 


Part Number 

Vds 

RDS(on) 

b 

UFN710 

400V 

3.6a 

1.5 A 

UFN711 

350V 

3. 60 

1.5A 

UFN712 

400V 

5.00 

1.3A 

UFN713 

350V 

5.00 

1.3A 


MECHANICAL SPECIFICATIONS 
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UFN710 UFN711 UFN712 UFN713 


ABSOLUTE MAXIMUM RATINGS 


Parameter 

UFN710 

UFN711 

UFN712 

UFN713 

Units 

Vq 5 Drain - Source Voltage © 

400 

350 

400 

350 

V 

Vqgr Drain - Gate Voltage (Rqs = ^ ® 

400 

350 

400 

350 

V 

Iq@Tg = 25°C Continuous Drain Current 

1.5 

1.5 

1.3 

1.3 

A 

Id@Tc = 100°C Continuous Drain Current 

1.0 

1.0 

0.8 

0.8 

A 

Idm Pulsed Drain Current (3) 

6.0 

6.0 

5.0 

5.0 

A 

Vqg Gate - Source Voltage 

±20 

V 

Pd@Tq = 25°C Max. Power Dissipation 

20 (See Fig. 14) 

W 

Linear Derating Factor 

0.16 (See Fig. 14) 

W/K 

IlM Inductive Current, Clamped 

(See Fig. 1 5 and 1 6) L = 1 

6.0 1 6.0 1 5.0 1 5.0 

A 

Tj Operating Junction and 

Tgtg Storage Temperature Range 

-55 to 150 

‘’C 

Lead Temperature 

300 (0.063 in. (1.6mm) from case for 10s) 

°C 


ELECTRICAL CHARACTERISTICS @ Tc = 25^ C (Unless otherwise specified) 


1 Parameter 

Type 

Min. 

Typ. 

Max. 

Units 

Test Conditions 

BVdsS 

Drain - Source Breakdown Voltage 

UFN710 

UFN712 

400 

- 

- 

V 

Vgs = ov 






■ 

- 


Iq = 250^A 


VGS(th) Threshold Voltage 

ALL 

2.0 

- 

4.0 

V 

VdS = ^GS' 'D = 250/xA 

'gss 

Gate-Source Leakage Forward 

ALL 

- 

- 

||^Q[ 

nA 

Vgs = 20V 

'gss 

Gate-Source Leakage Reverse 

ALL 

- 

- 

-500 

nA 

Vgs = -20V 

'dss 

Zero Gate Voltage Drain Current 

ALL 


- 

250 

aA 

VdS = Max. Rating, Vqs 

= OV 




- 

1000 


Vds ^ Max. Rating x 0.8, Vgs " OV, Tq = 1 25°C 

'D(on) 

On-State Drain Current ® 

UFN710 

UFN711 

1.5 

- 

_ 

A 

Vr^o > V X R^^o,_ V 

V^^ = lOV 



UFN712 

UFN713 

1.3 

- 


A 


^DSIon) 

Static Drain-Source On-State 
Resistance (D 

UFN710 

UFN711 


3.3 

3.6 

Q 

Vgs = ■'OV, Id = o.sa 



UFN712 

UFN713 

- 

3.6 

5.0 

fi 

gfs 

Forward Transconductance (?) 

ALL 

0.5 

1.2 

- 

S («) 

^DS > 'D(on) ^ ^DS(on) max.' 'd = 

^iss 

Input Capacitance 

ALL 

- 

135 

150 

pF 

Vgs = ov, Vds = 25 v, f 

See Fig. 10 , 

= 1.0 MHz 

^oss 

Output Capacitance 

ALL 

- 

35 

50 

PF 

^rss 

Reverse Transfer Capacitance 

ALL 

- 

8.0 

15 

pF 


^d(on) 

Turn-On Delay Time 

ALL 

- 

3.0 

10 

ns 

Vdd ^ ®^DSS' 'd ~ 

0.8A, Zq = 50n 

1 tf Rise Time 

ALL 

- 

10 

20 

ns 

See Fig. 1 7 


td(off) 

Turn-Off Delay Time 

ALL 

- 

5.0 

10 

ns 

(MOSFET switching times are essentially 

tf 

Fall Time 

ALL 

- 

8.0 

15 

ns 

independent of operating temperature.) 

Qg 

Total Gate Charge 
(Gate-Source Plus Gate-Drain) 

ALL 

- 

6.0 

7.5 

nC 

Vgs = “lOV, Iq = 2.0A, Vpg = 0.8 Max. Rating. 

See Fig. 1 8 for test circuit. (Gate charge is essentially 

Qgs 

Gate-Source Charge 

ALL 

- 

3.0 

- 

nC 

independent of operating temperature.) 

Qgd 

Gate-Drain ("Miller") Charge 

ALL 

- 

3.0 

- 

nC 



Ld 

Internal Drain Inductance 

ALL 

- 

3.5 


nH 

Measured from the 
contact screw on tab 
to center of die. 

Modified MOSFET 
symbol showing the 
internal device 
inductances. 




4.5 


nH 

Measured from the 
drain lead, 6mm (0.25 
in.) from package to 
center of die. 

LS 

Internal Source Inductance 

ALL 


7.5 


nH 

Measured from the 
source lead, 6mm 
(0.25 in.) from 
package to source 
bonding pad. 



THERMAL RESISTANCE 


BthJC 

Junction-to-Case 

ALL 

- 

- 

6.4 

K/W 


RthCS 

Case-to-Sink 

ALL 

- 

1.0 

- 

K/W 

Mounting surface flat, smooth, and greased. 

RthJA 

Junction-to-Ambient 

ALL 

- 

- 

80 

K/W 

Free Air Operation 
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UFN710 UFN711 UFN712 UFN713 


SOURCE DRAIN DIODE RATINGS AND CHARACTERISTICS 


I 5 Continuous Source Current 

(Body Diode) 

UFN710 

UFN711 

- 

- 

1.5 

A 

Modified MOSFET symbol 
showing the integral 
reverse P-N junction rectifier. 

UFN712 

UFN713 


- 

1.3 

A 

Ism Pulse Source Current 

(Body Diode) (3) 

UFN710 

UFN711 

- 

- 

6.0 

A 

UFN712 

UFN713 


- 

5.0 

A 

V 3 Q Diode Forward Voltage © 

UFN710 

UFN711 

- 

- 

1.6 

V 

Tc = 25°C, Ig = 1 .5A, Vgg = OV 

UFN712 

UFN713 

- 

- 

1.5 

V 

Tc = 25°C, Ig = 1 .3A, Vgg = OV 

t^r Reverse Recovery Time 

ALL 

- 

380 

- 

ns 

Tj = 150®C, Ip = 1.5A, dip/dt = lOOA/^s 

QrP Reverse Recovered Charge 

ALL 

- 

BM 

- 

mC 

Tj = 1 50®C, Ip = 1 .5A, dIp/dt = 100 A/^s 

ton Forward Turn-on Time 

ALL 

Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Lg - 1 - Lq. | 


©Tj = 25°Cto150°C. © Pulse Test: Pulse width < 300jus, Duty Cycle < 2%. (D Repetitive Rating: Pulse width limited 

by max. junction temperature. 

See Transient Thermal Impedance Curve (Fig. 5). 


Fig, 1 — Typical Output Characteristics 
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0 20 40 60 80 100 

Vqs, drain to source voltage (VOLTS) 



0 I 1 i I I I I I ^ I 

0 2 4 6 8 10 


Vqs, GATE-TO SOURCE voltage (VOLTS) 


Fig. 3 — Typical Saturation Characteristics 



VdS, DRA)N-T0-S0URCE VOLTAGE (VOLTS) 


Fig. 4 — Maximum Safe Operating Area 
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gfs, TRANSCONDUCTANCE (SIEMENS) 


UFN710 UFN711 UFN712 UFN713 


Fig. 5 — Maximum Effective Transient Thermal Impedance, Junction-to-Case Vs. Pulse Duration 



ti, SQUARE WAVE PULSE DURATION (SECONDS) 



Fig. 6 — Typical Transconductance Vs. Drain Current 


Fig. 7 — Typical Source-Drain Diode Forward Voltage 



Id, DRAIN CURRENT (AMPERES) 



VsD, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 


Fig. 8 — Breakdown Voltage Vs. Temperature 



-55 -34.5 -14 6.5 27 47.5 68 88.5 109 129.5 150 

Tj, JUNCTION TEMPERATURE (<>0 


Fig. 9 - Normalized On-Resistance Vs. Temperature 
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Tj, JUNCTION TEMPERATURE (<>0 


UNITRODE CORPORATION • 5 FORBES ROAD 
LEXINGTON, MA 02173 • TEL. (617) 861-6540 
TWX (710) 326-6509 • TELEX 95-1064 


4-451 


PRINTED IN U.S.A 






UFN710 UFN711 UFN712 UFN713 



0 10 20 30 40 50 


Vds, DRAIN-TO-SOURCE voltage (VOLTS) 


Fig. 11 — Typical Gate Charge Vs. Gate-to-Source Voltage 



Fig. 12 — Typical On-Resistance Vs. Drain Current Fig. 13 — Maximum Drain Current Vs. Case Temperature 



0 1 2 3 4 5 6 7 



Id, drain current (amperes) 


Tc, CASE TEMPERATURE (OC) 


Fig. 14 — Power Vs. Temperature Derating Curve 



Tc, CASE TEMPERATURE (OC) 
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UFN710 UFN711 UFN712 UFN713 


Fig. 15 — Clamped Inductive Test Circuit Fig. 16 — Clamped Inductive Waveforms 



Fig. 17 - Switching Time Test Circuit 



Fig. 18 - Gate Charge Test Circuit 
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POWER MOSFET TRANSISTORS 

400 Volt, 1.8 Ohm 
N-Channel 


UFN720 

UFN721 

UFN722 

UFN723 


FEATURES 

• Compact Plastic Package 

• Fast Switching 

• Low Drive Current 

• Ease of Paralleling 

• No Second Breakdown 

• Excellent Temperature Stability 


DESCRIPTION 

The Unitrode power MOSFET design utilizes the most advanced technology available. 
This efficient design achieves a very low Roscom and a high transconductance. 

The Unitrode power MOSFET features all of the advantages of MOS technology such as 
voltage control, freedom from second breakdown, very fast switching speeds, and 
thermal stability. 

These power MOSFETS are ideally suited for many high-speed, high-power switching 
applications such as switching power supplies, motor controls, and wide-band and 
audio amplifiers. 


PRODUCT SUMMARY 


Part Number 

Vds 

RDS(on) 

Id 

UFN720 

400V 

i.sn 

3.0A 

UFN721 

350V 

1.8Q 

3.0A 

UFN722 

400V 

2.5Q 

2.5A 

UFN723 

350V 

2.5n 

2.5A 


MECHANICAL SPECIFICATIONS 
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UFN720 UFN721 UFN722 UFN723 



j Parameter | 

Vqs 

Drain - Source Voltage ® 

Vdgr 

Drain - Gate Voltage (Rqs = 1 MO) ® 

Id@Tc = 25‘>C 

Continuous Drain Current 

Id @ Tq = 100°C 

Continuous Drain Current 

IISBIIIHHIHHi 


Vqs 

Gate - Source Voltage 

Pd@Tc = 25‘‘C 

Max. Power Dissipation 

1 Linear Derating Factor | 

'lm 

Inductive Current, Clamped 

Tj 

Operating Junction and 

^stg 

Storage Temperature Range 

Lead Temperature | 



-55 to 1 50 


300 (0.063 in. (1.6mm) from case for 10s) 


ELECTRICAL CHARACTERISTICS @ Tc = 25‘’C (Unless otherwise specified) 


Parameter 


BVqss Drain - Source Breakdown Voltage 


VQ^tfo Gate Threshold Voltage 


Iqss Gate-Source Leakage Forward 


GSS Gate-Source Leakage Reverse 


loss Zero Gate Voltage Drain Current 



Test Conditions 


Vqs = ov 


*D(on) 

On-State Drain Current (D 

UFN720 

UFN721 

3.0 

- 

in 



UFN722 

UFN723 

IB 

- 

- 

RDS(on) 

Static Drain-Source On-State 
Resistance (D 

UFN720 

UFN721 

- 

1.5 

1.8 



UFN722 

UFN723 

- 

1.8 

D 

Qfs 

Forward Transconductance (D 

ALL 

1.0 




Input Capacitance 


|0 = 250fiA 


^DS = ^GS' 'D = 250^A 


Vqs = 20V 


Vqs = -20V 


Vqs Max. Rating, Vqs = OV 


Vqs = Max. Rating x 0.8, Vqs = OV, Tq = 1 25°C 


^DS > 'D(on) ^ ^DS(on) max.' ^GS = 


Vqs = 10V, Id = 1.5A 




THERMAL RESISTANCE 


RthJC Junction-to-Case 



RthJA Junction-to-Ambient 



Mounting surface flat, smooth, and greased. 


Free Air Operation 
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UFN720 UFN721 UFN722 UFN723 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


Is Continuous Source Current 

(Body Diode) 

UFN720 

UFN721 

- 

- 

3.0 

A 

Modified MOSFET symbol 
showing the integral 

reverse P-N junction rectifier. ^ 

UFN722 

UFN723 

- 

- 

2.5 

A 

*SM Pulse Source Current 

(Body Diode)® 

UFN720 

UFN721 

- 

- 

12 

A 

UFN722 

UFN723 

- 

- 

10 

A 



- 

- 

1.6 

V 

Tc = 25°C, Is = 3.0A, Vqs = OV 

UFN722 

UFN723 

- 

- 


V 

Tc = 25°C, Is = 2.5A,Vgs = OV 

t^r Reverse Recovery Time 

ALL 

- 

450 

- 

ns 

Tj = 150®C, Ip = 3.0A, dip/dt = lOOAZ/us 

Qrr Reverse Recovered Charge 

ALL 

- 

BM 

- 

aC 

Tj = 150®C, Ip = 3.0A, dIp/dt = ^OOA/^xs 

ton Forward Turn-on Time 

ALL 



0 Tj = 25®C to 1 50°C. (2) Pulse Test: Pulse width < 300/tiS, Duty Cycle < 2%. (D Repetitive Rating: Pulse width limited 

by rhax. junction temperature. 

See Transient Thermal Impedance Curve (Fig. 5). 


Fig. 1 — Typical Output Characteristics 



0 10Q 200 300 

Vqs, DRAIN TO-SOURCE voltage (VOLTS) 



0 1 2 3 4 5 6 

Vqs, gate TO SOURCE voltage (VOLTS) 


Fig. 3 — Typical Saturation Characteristics 



0 4 8 12 16 20 

Vqs. DRAIN TO-SOURCE VOLTAGE (VOLTS) 


Fig. 4 — Maximum Safe Operating Area 
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ZthJCW/RthJC. normalized effective transient 

THERMAL IMPEDANCE (PER UNIT) 


UFN720 UFN721 UFN722 UFN723 


Fig. 5 — Maximum Effective Transient Thermal Impedance, Junction-to-Case Vs. Pulse Duration 
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ti, SQUARE WAVE PULSE DURATION (SECONDS) 



4 


Fig. 6 — Typical Transconductance Vs. Drain Current 



0 1 2 3 4 5 6 

Iq, drain current (AMPERES) 


Fig. 7 — Typical Source-Drain Diode Forward Voltage 



Vsd-SOURCE-TO-DRAIN voltage (VOLTS) 


Fig. 8 — Breakdown Voltage Vs. Temperature Fig. 9 — Normalized On-Resistance Vs. Temperature 



-40 0 40 80 120 160 -40 0 40 80 120 

Tj, JUNCTION TEMPERATURE (OC) Tj, JUNCTION TEMPERATURE (<>0 
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UFN720 UFN721 UFN722 UFN723 


Fig. 10 — Typical Capacitance Vs. Drain -to-Source Voltage 


Fig. 11 — Typical Gate Charge Vs. Gate-to-Source Voltage 
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Qg, TOTAL GATE CHARGE InC) 
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Tc, CASE TEMPERATURE (“O 


Fig. 14 — Power Vs. Temperature Derating Curve 
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UFN720 UFN721 UFN722 UFN723 


Fig. 15 - Clamped Inductive Test Circuit Fig. 16 - Clamped Inductive Waveforms 



Fig. 17 - Switching Time Test Circuit 



Fig. 18 — Gate Charge Test Circuit 
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POWER MOSFET TRANSISTORS 

400 Volt, 1.0 Ohm 
N-Channel 


UFN730 

UFN731 

UFN732 

UFN733 


FEATURES 

• Compact Plastic Package 

• Fast Switching 

• Low Drive Current 

• Ease of Paralleling 

• No Second Breakdown 

• Excellent Temperature Stability 


DESCRIPTION 

The Unitrode power MOSFET design utilizes the most advanced technology available. 
This efficient design achieves a very low Rosion) and a high transconductance. 

The Unitrode power MOSFET features all of the advantages of MOS technology such as 
voltage control, freedom from second breakdown, very fast switching speeds, and 
thermal stability. 

These power MOSFETS are ideally suited for many high-speed, high-power switching 
applications such as switching power supplies, motor controls, and wide-band and 
audio amplifiers. 


PRODUCT SUMMARY 


Part Number 

Vds 

RDS(on) 

Id 

UFN730 

400V 

i.on 

5.5A 

UFN731 

350V 

i.on 

5.5A 

UFN732 

400V 

i.5n 

4.5A 

UFN733 

350V 

1.50 

4.5A 


MECHANICAL SPECIFICATIONS 


UFN730 UFN731 UFN732 UFN733 



Dimensions in Millimeters and (Inches) 
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UFN730 UFN731 UFN732 UFN733 



Operating Junction and 
Storage Temperature Range 


Lead Temperature 


-55 to 150 


300 (0.063 in. ( 1 .6mm) from case for 1 0s) 


ELECTRICAL CHARACTERISTICS (S) T^ = 25'’C (Unless otherwise specified) 


Parameter 


BVqsS ■ Source Breakdo' 


Test Conditions 


VQSith) Threshold Voltage 


Gate-Source Leakage Forward 


Gate-Source Leakage Reverse 


loss Zero Gate Voltage Drain Current 


□n-State Drain Current (2) 


^DS(on) Static Drain-Source On-State 
Resistance ® 


9fs Forward Transconductance (2 


Cqss Output Capacitance 


rss Reverse Transfer Capacitance 


I ^dion) Turn-On Delay Time 




Total Gate Charge 
(Gate-Source Plus Gate-Drain) 


Gate-Source Charge 
Gate-Drain ("Miller") Charge 




'^DS = Vqs, Id = 250mA 


Vgs = -20V 


Vds = Max. Rating, Vgg = OV 


Vqs = Max. Rating x 0.8, Vqs = OV, Tq = 125®C 



Vgs = OV, Vds = 25v, f = 
See Fig. 10 



8 I 30 
1 



Vgg = 10V, Ip = 7.0A, Vpg = 0.8 Max. Rating. 

See Fig. 18 for test circuit. (Gate charge is essentially 
independent of operating temperature.) 


Measured from the 
contact screw on tab 
to center of die. 

Measured from the 
drain lead, 6mm (0,25 
in.) from package to 
center of die. 


Measured from the 
source lead, 6mm 
(0.25 in.) from 
package to source 
bonding pad. 


Modified MOSFET 
symbol showing the 
internal device 
inductances. 



RthCS Case-to-Sink 


RthJA Junction-to-Ambient 


Mounting surface flat, smooth, and greased. 


Free Air Operation 
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UFN730 UFN731 UFN732 UFN733 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


I 5 Continuous Source Current 

(Body Diode) 

UFN730 

UFN731 

- 

- 

5.5 

A 

Modified MOSFET symbol 
showing the integral 
reverse P-N junction rectifier. 

M 

UFN732 

UFN733 

- 

- 

4.5 

A 

" 

!sM Pulse Source Current 

(Body Diode) (3) 

UFN730 

UFN731 

- 

- 

22 

A 

UFN732 

UFN733 

- 

- 

18 

A 

V 5 Q Diode Forward Voltage © 

UFN730 

UFN731 

- 

- 

1.6 

V 

Tc = 25°C, Is = 5.5A, Vqs = OV 

UFN732 

UFN733 

- 

- 

1.5 

V 

Tc = 25°C, Is = 4.5A, Vqs = OV 

ter Reverse Recovery Time 

ALL 

- 

600 

- 

ns 

Tj = IbO^C, Ip = 5.5A, dip/dt = lOOA/^s 

Qrr Reverse Recovered Charge 

ALL 

- 

4.0 

- 

fiC 

Tj = 150®C, Ip = 5.5A, dIp/dt = lOOA/jxs 

^on Forward Turn-on Time 

ALL 

Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by L 5 + Lq. | 


© Tj = 25°C to 1 50°C. © Pulse Test: Pulse width < 300/xs, Duty Cycle < 2%. d) Repetitive Rating: Pulse width limited 

by max. junction temperature. 

See Transient Thermal Impedance Curve (Fig. 5). 


Fig. 1 - Typical Output Characteristics 



0 50 100 150 200 250 300 

Vos. drain TO-SOURCE VOLTAGE (VOLTS) 


Fig. 3 — Typical Saturation Characteristics 
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Vos. DRAIN TO SOURCE VOLTAGE (VOLTS) 


Fig. 2 — Typical Transfer Characteristics 
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Vgs, GATE TO-SOURCE voltage (VOLTS) 


Fig. 4 — Maximum Safe Operating Area 
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UFN730 UFN731 UFN732 UFN733 


Fig, 5 — Maximum Effective Transient Thermal Impedance, Junction-to-Case Vs, Pulse Duration 



2 



10-5 2 5 , 0-4 2 5 , 0-3 2 5 , 0-2 2 5 , 0-1 2 5 1.0 2 5 10 

t,, SQUARE WAVE PULSE DURATION (SECONDS) 



Fig. 6 — Typical Transconductance Vs. Drain Current 

10 


8 



2 


0 2 4 6 8 10 

iQ, DRAIN CURRENT (AMPERES) 




Vso. SOURCE-TO-DRAIN VOLTAGE (VOLTS) 


Fig. 8 — Breakdown Voltage Vs. Temperature 
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Fig. 9 — Normalized On-Resistance Vs. Temperature 
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RDS(on)' ORAIN TO SOURCE ON RESISTANCE (OHMS) -p C. CAPACITANCE (pF) 


UFN730 UFN731 UFN732 UFN733 


Fig. 10 — Typical Capacitance Vs. Drain -to-Source Voltage 



Vqs, drain to source voltage (VOLTS) 


Fig. 11 — Typical Gate Charge Vs. Gate-to-Source Voltage 



0 8 16 24 32 40 

Qg, TOTAL GATE CHARGE (nC) 


ig. 12 — Typical On-Resistance Vs. Drain Current Fig. 13 — Maximum Drain Current Vs. Case Temperature 



0 5 10 15 20 25 30 



25 50 75 100 125 150 


Iq, drain current (AMPERES) 


Tc, CASE TEMPERATURE (OC) 


Fig. 14 — Power Vs. Temperature Derating Curve 
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UFN730 UFN731 UFN732 UFN733 


Fig. 15 — Clamped Inductive Test Circuit Fig. 16 — Clamped Inductive Waveforms 




Fig. 17 — Switching Time Test Circuit 



Fig. 18 — Gate Charge Test Circuit 
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POWER MOSFET TRANSISTORS 

400 Volt, 0.55 Ohm 
N-Channel 


UFN740 

UFN741 

UFN742 

UFN743 


FEATURES 

• Compact Plastic Package 

• Fast Switching 

• Low Drive Current 

• Ease of Paralleling 

• No Second Breakdown 

• Excellent Temperature Stability 


DESCRIPTION 

The Unitrode power MOSFET design utilizes the most advanced technology available. 
This efficient design achieves a very low RDS(on) and a high transconductance. 

The Unitrode power MOSFET features all of the advantages of MOS technology such as 
voltage control, freedom from second breakdown, very fast switching speeds, and 
thermal stability. 

These power MOSFETS are ideally suited for many high-speed, high-power switching 
applications such as switching power supplies, motor controls, and wide-band and 
audio amplifiers. 


PRODUCT SUMMARY 


Part Number 

o 

> 

RDS(on) 

Id 

UFN740 

400V 

0.550 

lOA 

UFN741 

350V 

0.550 

lOA 

UFN742 

400V 

0.800 

8.0A 

UFN743 

350V 

0.800 

8.0A 


MECHANICAL SPECIFICATIONS 
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UFN740 UFN741 UFN742 UFN743 


ABSOLUTE MAXIMUM RATINGS 


Parameter 

UFN740 

UFN741 

UFN742 

UFN743 

Units 

Vqs Drain - Source Voltage (D 

400 

350 

400 

350 

V 

V[)Qp Drain - Gate Voltage (R(3s “ ^ ® 

400 

350 

400 

350 

V 

Id@^C ~ 25°C Continuous Drain Current 

10 

10 

8.0 

8.0 

A 

•d @ ^C ~ tOO^C Continuous Drain Current 

6.0 

6.0 

5.0 

5.0 

A 

IqM Pulsed Drain Current (D 

40 

40 

32 

32 

A 

Vq 5 Gate - Source Voltage 

±20 

V 

Pd @ ^C “ 25°C Max. Power Dissipation 

125 (See Fig. 14) 

W 

Linear Derating Factor 

1.0 (See Fig. 14) 

W/K 

Ilm Inductive Current, Clamped 


A 

Tj Operating Junction and 

Tgtg Storage Temperature Range 

-55 to 150 

°C 

Lead Temperature 

300 (0.063 in. (1 .6mm) from case for 10s) 

°C 


ELECTRICAL CHARACTERISTICS @ Tq = 25°C (Unless otherwise specified) 


1 Parameter 

Type 

Min. 

Typ. 

Max. 

Units 

Test Conditions 

bvdss 

Drain - Source Breakdown Voltage 

UFN740 

UFN742 

400 

- 

- 

V 

Vqs = ov 




UFN741 

UFN743 

350 

- 

- 

V 

Iq = 250mA 


I ''^GS(th) Gate Threshold Voltage 

ALL 

2.0 

- 

4.0 

V 

VdS = Vqs. 'd = 250mA 

•gss 

Gate-Source Leakage Forward 

ALL 

- 

- 

500 

nA 

Vqs = 20V 

'gss 

Gate-Source Leakage Reverse 

ALL 


- 


IIBQH 

Vqs = -20V 

'dss 

Zero Gate Voltage Drain Current 

ALL 


- 

IIEI 

IHBSBI 

Vqs = Rating. Vqs 

= OV 




- 

loss 

IHBH 

Vqs = Max. Rating x 0.8, Vqs = OV, Tq = 125°C 

'D(on) 

On-State Drain Current (2) 

UFN740 

UFN741 


■ 

- 

A 

Vr^r, > U,. . X v 

. . V^r« = 10V 



UFN742 

UFN743 

8.0 

- 

- 

A 

uo ' u[orr/ uo{on/ max. ud 

RDS(on) Static Drain-Source On-State 
Resistance © 

UFN740 

UFN741 

- 




Vqs = lOV, Iq = 5.0A 

Hi 


UFN742 

UFN743 

- 

.68 

.80 

Q 

EHII 

Forward Transconductance (D 

ALL 

4.0 


- 


^DS > 'D(on) ^ ^DS(on) max.' 'd = 

Ciss 

Input Capacitance 

ALL 

- 


1600 

PF 

Vqs = OV, Vqs = 25V, f 
See Fig. 10 

= 1.0 MHz 

^oss 

Output Capacitance 

ALL 

- 


450 

pF 

Gfss 

Reverse Transfer Capacitance 

ALL 

- 

El 

150 

pF 


BBI 

Turn-On Delay Time 

ALL 

- 

■B 

35 

ns 

Vdd = 175V,lD = 5.0A,ZQ = 4.7n I 

BHI 

Rise Time 

ALL 

_ 

IHI 

15 

ns 

See Fig. 17 



Turn-Off Delay Time 

ALL 

- 

Msm 

90 

ns 

(MOSFET switching times are essentially 

BBH 

Fall Time 

ALL 

- 

ma 

35 

ns 

independent of operating temperature.) 




- 



nC 

Vgs= 10V,Id» 12A,V 
See Fig. 18 for test circuit 

Qg * 0.8 Max. Rating. 

(Gate charge is essentially 

Qgs 

Gate-Source Charge 

ALL 

- 

18 

- 

nC 

independent of operating temperature. ) 

Qgd 

Gate-Drain ("Miller") Charge 

ALL 

- 


- 

nC 



Ld 

Internal Drain Inductance 

ALL 

■ 

■ 

■ 


Measured from the 
contact screw on tab 
to center of die. 

Modified MOSFET 
symbol showing the 
internal device 
inductances. 



■ 


■ 


Measured from the 
drain lead, 6mm (0.25 
in.) from package to 
center of die. 

LS 

Internal Source Inductance 

ALL 


7.5 


nH 

Measured from the 
source lead, 6mm 
(0.25 in.) from 
package to source 
bonding pad. 

mi 


THERMAL RESISTANCE 


PthJC 

Junction-to-Case 

ALL 

- 

- 

1.0 



^thCS 

Case-to-Sink 

ALL 

- 


- 


Mounting surface flat, smooth, and greased. 

PthJA 

Junction-to-Ambient 

ALL 

- 

- 

80 

K/W 

Free Air Operation 
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UFN740 UFN741 UFN742 UFN743 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


I 5 Continuous Source Current 

(Body Diode) 

UFN740 

UFN741 

- 


10 

A 

Modified MOSFET symbol 
showing the integral 
reverse P-N junction rectifier. 

UFN742 

UFN743 

- 

_ 


A 

*SM Pulse Source Current 

(Body Diode)® 

UFN740 

UFN741 

- 

- 

40 

A 

UFN742 

UFN743 

- 

- 

32 

A 

V 3 D Diode Forward Voltage (D 

UFN740 

UFN741 

- 

- 

2.0 

V 

Tc = 25®C, Is = 10A, Vqs = OV 

UFN742 

UFN743 

- 

- 

1.9 

V 

Tc = 25°C. Is = 8.0A, Vqs = OV 

tj-r Reverse Recovery Time 

ALL 

- 

ISI 

- 

ns 

Tj = 150®C, Ip = lOA, dip/dt » 100 A//xs 

Qrr Reverse Recovered Charge 

ALL 

- 

EQI 

- 

fiC 

Tj = 150®C, Ip = 10A, dIp/dt = 100 A//iS 

ton Forward Turn-on Time 

ALL 

Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by L 5 + L[). j 


® Tj = 25°C to 1 50°C. (D Pulse Test: Pulse width < 300/iS, Duty Cycle < 2%. CD Repetitive Rating: Pulse width limited 

by max. junction temperature. 

See Transient Thermal Impedance Curve (Fig. 5). 


Fig. 1 — Typical Output Characteristics 



Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 

Fig. 3 — Typical Saturation Characteristics 



0 2 4 6 8 10 

Vqs, ORAIN-TO-SOURCE voltage (VOLTS) 



0 2 4 6 8 10 

Vqs, GATE TO-SOURCE VOLTAGE (VOLTS) 


Fig. 4 — Maximum Safe Operating Area 
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UFN740 UFN741 UFN742 UFN743 


Fig. 5 — Maximum Effective Transient Thermal Impedance, Junction-to-Case Vs. Pulse Duration 












UFN740 UFN741 UFN742 UFN743 


Fig. 10 — Typical Capacitance Vs. Drain-to-Source Voltage Fig. 11 — Typical Gate Charge Vs. Gate-to-Source Voltage 


7nfln 



0 5 10 15 20 25 30 35 40 45 50 0 20 40 60 80 

Vqs, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Qg, TOTAL GATE CHARGE (nC) 


Fig. 12 - Typical On-Resistance Vs. Drain Current Fig. 13 - Maximum Drain Current Vs. Case Temperature 



Id, drain CURRENT (AMPERES) Tq, CASE TEMPERATURE (°C) 


Fig. 14 — Power Vs. Temperature Derating Curve 



Tc, CASE TEMPERATURE (OC) 
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UFN740 UFN741 UFN742 UFN743 


Fig. 15 — Clamped Inductive Test Circuit 


Fig. 16 — Clamped Inductive Waveforms 





Fig. 17 — Switching Time Test Circuit 



Fig. 18 — Gate Charge Test Circuit 
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POWER MOSFET TRANSISTORS 

500 Volt 3.0 Ohm 
N-Channel 


UFN820 

UFN821 

UFN822 

UFN823 


FEATURES 

• Compact Plastic Package 

• Fast Switching 

• Low Drive Current 

• Ease of Paralleling 

• No Second Breakdown 

• Excellent Temperature Stability 


DESCRIPTION 

The Unitrode power MOSFET design utilizes the most advanced technology available. 
This efficient design achieves a very low Roscon) and a high transconductance. 

The Unitrode power MOSFET features all of the advantages of MOS technology such as 
voltage control, freedom from second breakdown, very fast switching speeds, and 
thermal stability. 

These power MOSFETS are ideally suited for many high-speed, high-power switching 
applications such as switching power supplies, motor controls, and wide-band and 
audio amplifiers. 


PRODUCT SUMMARY 


Part Number 

Vds 

RDS(on) 

Id 

UFN820 

500V 

3.on 

2.5A 

UFN821 

450V 

3.0Q 

2.5A 

UFN822 

500V 

4.on 

2.0A 

UFN823 

450V 

4.on 

2.0A 


MECHANICAL SPECIFICATIONS 
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UFN820 UFN821 UFN822 UFN823 


ABSOLUTE MAXIMUM RATINGS 


Parameter 

UFN820 

UFN821 

UFN822 

UFN823 

Units 

V |35 Drain - Source Voltage © 

500 

450 

500 

450 

V 


500 

450 

500 

450 

V 

*D @ ~ 25°C Continuous Drain Current 

2.5 

2.5 

2.0 

2.0 

A 

Id@^C~ 100°C Continuous Drain Current 

1.5 

1.5 

1.0 

1.0 

A 

IdM Pulsed Drain Current 

10 

10 

8.0 

8.0 

A 

Vqs Gate - Source Voltage 

±20 

V 

Pd@^C = 25°C Max. Power Dissipation 

40 (See Fig. 14) 

W 

Linear Derating Factor 

0.32 (See Fig. 14) 

W/K 

l|_(\/l Inductive Current, Clamped 

(See Fig, 1 5 and 1 6) L = 1 0O^H 

10 1 10 1 8.0 1 8.0 

A 

Tj Operating Junction and 

Tg^g Storage Temperature Range 

• 

-55 to 150 

°C 

Lead Temperature 

300 (0.063 in. (1.6mm) from case for 10s) 

°C 


ELECTRICAL CHARACTERISTICS @ Tq = 25°C (Unless otherwise specified) 


Parameter 

Type 

Min. 

Typ. 

Max. 

Units 

Test Conditions 

BVdss Drain - Source Breakdown Voltage 

UFN820 

UFN822 

500 

- 

- 

V 

Vgs = ov 

Iq = 250/xA 

UFN821 

UFN823 

450 

- 

- 

V 

VQSlth) Gate Threshold Voltage 

ALL 

2.0 

- 

4.0 

V 

VdS = Vqs, Ip = 250/iA 

*GSS Gate-Source Leakage Forward 

ALL 

- 

- 

500 

nA 

Vqs = 20V 

*GSS Gate-Source Leakage Reverse 

ALL 

- 

- 

-500 

nA 

Vqs = -20V 

loss Zero Gate Voltage Drain Current 

ALL 

- 

- 

250 

mA 

Vqs “ Max. Rating, Vq 5 = OV 

- 

- 

1000 

mA 

Vqs - Max. Rating x 0.8, Vqs OV, Tq = 1 25°C 

'D(on) On-State Drain Current ® 

UFN820 

UFN821 

2.5 

- 

- 

A 

'^DS ^ 'D(on) ^ ^DS(on) max.' '^GS = 

UFN822 

UFN823 

2.0 

- 

- 

A 

^DS(on) Static Drain-Source On-State 

Resistance ® 

UFN820 

UFN821 

- 

2.5 

3.0 

n 

Vqs = "lOV, Iq = 1.0A 

UFN822 

UFN823 


3.0 

4.0 

fi 

gfg Forward Transconductance ® 

ALL 

1.0 

1.75 

- 

S (0) 

^DS>'D(on)^^DS(on)max.' 'd = 

Cjss Input Capacitance 

ALL 

- 

300 

400 

PF 

Vqs = OV, Vqs = 25V, f = 1 .0 MHz 

See Fig. 10 

Oqss Output Capacitance 

ALL 

- 

75 

150 

pF 

Orss Reverse Transfer Capacitance 

ALL 

- 

20 

40 

pF 

td(on) Turn-On Delay Time 

ALL 

- 

30 

60 

ns 

Vdd-0.5BVdsS''d=''0A,Zo = S0« 

See Fig. 1 7 

(MOSFET switching times are essentially 
independent of operating temperature.) 

tp Rise Time 

ALL 

- 

25 

50 

ns 

td(off) Turn-Off Delay Time 

ALL 

- 

30 

60 

ns 

tf Fall Time 

ALL 

- 

15 

30 

ns 

Qg Total Gate Charge 

(Gate-Source Plus Gate-Dram) 

ALL 

- 

11 

15 

nC 

Vqs = 10V, Iq = 3.0A, VQg = 0.8 Max. Rating. 

See Fig. 1 8 for test circuit. (Gate charge is essentially 
independent of operating temperature.) 

Qgs Gate-Source Charge 

ALL 

- 

5.0 

- 

nC 

Qgd Gate-Drain ("Miller") Charge 

ALL 

- 

6.0 

- 

nC 

Lq Internal Drain Inductance 

ALL 

— 

3.5 

— 

nH 

Measured from the 
contact screw on tab 
to center of die. 

Modified MOSFET 
symbol showing the 
internal device 
inductances. 


4.5 


nH 

Measured from the 
drain lead, 6mm (0.25 
in.) from package to 
center of die. 

Ls Internal Source Inductance 

ALL 


7.5 


nH 

Measured from the 
source lead, 6mm 
(0.25 in.) from 
package to source 
bonding pad. 


THERMAL RESISTANCE 


RthJC 

Junction-to-Case 

ALL 

- 


3.12 

K/W 


f^thCS 

Case-to-Sink 

ALL 

- 

1.0 

- 

K/W 

Mounting surface flat, smooth, and greased. 

^thJA 

Junction-to-Ambient 

ALL 

- 

- 

80 

K/W 

Free Air Operation 
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UFN820 UFN821 UFN822 UFN823 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


Is Continuous Source Current 

(Body Diode) 

UFN820 

UFN821 

- 


B 

A 

Modified MOSFET symbol 
showing the integral 
reverse P-N junction rectifier. 

UFlV|j322 

UFN823 

- 

- 


A 


UFN820 

UFN821 

- 

- 

B 

A 

UFN822 

UFN823 

- 

- 

B 

A 

Vso Diode Forward Voltage (D 

UFN820 

UFN821 

H 

- 

B 

V 

Tq = 25°C, Is = 2.5A, Vqs = OV 

UFN822 

UFN823 


- 



Tc = 250 c, Is = 2.0A, Vqs = OV 

trr Reverse Recovery Time 

ALL 

I 


- 

ns 

Tj = 150®C, Ip = 2.5A,dlp/dt = 100A/^s 

Qrr Reverse Recovered Charge 

ALL 

_ 

lEIISi 

- 

nC 


^on Forward Turn-on Time 

ALL 

Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Ls + Lp. | 


® Tj = 25°C to 1 50°C. @ Pulse Test: Pulse width < SOOfis, Duty Cycle <2%. (D Repetitive Rating: Pulse width limited 

by max. junction temperature. 

See Transient Thermal Impedance Curve (Fig. 5). 


Fig. 1 — Typical Output Characteristics 


Fig. 2 — Typical Transfer Characteristics 



0 50 100 150 200 250 

Vqs, ORAIN-TO-SOURCE VOLTAGE (VOLTS) 



0 2 4 6 8 10 

Vqs, GATE TO-SOURCE voltage (VOLTS) 


Fig. 3 — Typical Saturation Characteristics 



0 4 8 12 16 20 

Vqs, DRAIN-TO-SOURCE voltage (VOLTS) 



Vos. DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
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ZthJCW/RthJC. normalized effective transient 

THERMAL IMPEDANCE (PER UNIT) 


UFN820 UFN821 UFN822 UFN823 


Fig. 5 — Maximum Effective Transient Thermal Impedance, Junction-to-Case Vs. Pulse Duration 



Fig. 6 — Typical Transconductance Vs. Drain Current 


Fig. 7 — Typical Source-Drain Diode Forward Voltage 




Iq, drain current (AMPERES) 



1.0 I 1—1 I I I I I I I 

0 12 3 4 

Vso.SOURCE-TO-DRAIN VOLTAGE (VOLTS) 
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UFN820 UFN821 UFN822 UFN823 



0 10 20 30 40 50 

Vos, ORAIN TO-SOURCE VOLTAGE (VOLTS) 


Fig. 12 — Typical On-Resistance Vs. Drain Current 




0 4 8 12 16 20 


Qg, TOTAL GATE CHARGE (nC) 

Fig. 13 — Maximum Drain Current Vs. Case Temperature 



Tc, CASE TEMPERATURE.(OC) 


Fig. 14 — Power Vs. Temperature Derating Curve 



0 20 40 60 80 100 120 140 

Tc, CASE TEMPERATURE (OC) 
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UFN820 UFN821 UFN822 UFN823 



Fig. 15 - Clamped Inductive Test Circuit 


Fig. 16 — Clamped Inductive Waveforms 






Fig. 17 — Switching Time Test Circuit 



Fig. 18 — Gate Charge Test Circuit 
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POWER MOSFET TRANSISTORS 

500 Volt, 1.5 Ohm 
N-Channel 


UFN830 

UFN831 

UFN832 

UFN833 


FEATURES 

• Compact Plastic Package 

• Fast Switching 

• Low Drive Current 

• Ease of Paralleling 

• No Second Breakdown 

• Excellent Temperature Stability 


DESCRIPTION 

The Unitrode power MOSFET design utilizes the most advanced technology available. 
This efficient design achieves a very low RDS(on) and a high transconductance. 

The Unitrode power MOSFET features all of the advantages of MOS technology such as 
voltage control, freedom from second breakdown, very fast switching speeds, and 
thermal stability. 

These power MOSFETS are ideally suited for many high-speed, high-power switching 
applications such as switching power supplies, motor controls, and wide-band and 
audio amplifiers. 


PRODUCT SUMMARY 


Part Number 

Vds 

RDS(on) 

•d 

UFN830 

500V 

1.50 

4.5A 

UFN831 

450V 

1.50 

4.5A 

UFN832 

500V 

2.00 

4.0A 

UFN833 

450V 

2.00 

4.0A 


MECHANICAL SPECIFICATIONS 
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UFN830 UFN831 UFN832 UFN833 


ABSOLUTE MAXIMUM RATINGS 


Parameter 

UFN830 

UFN831 

UFN832 

UFN833 

Units 

Vqs Drain - Source Voltage ® 

500 

450 

500 

450 

V 

Vqqp Drain - Gate Voltage (Rq 5 = 1 Mil) ® 

500 

450 

500 

450 

V 

•d @ ~ 25°C Continuous Drain Current 

4.5 

4.5 

4.0 

4.0 

A 

•d@Tc= 100°C Continuous Drain Current 

3.0 

3.0 

2.5 

2.5 

A 

Pulsed Drain Current (D 

18 

18 

16 

16 

A 

Vq 3 Gate - Source Voltage 

±20 

V 

Pd @ ^C ~ 25°C Max. Power Dissipation 

75 (See Fig. 14) 

W 

Linear Derating Factor 

0.6 (See Fig. 14) 

W/K 

Ili \/1 Inductive Current, Clamped 


A 

Tj Operating Junction and 

Tg^g Storage Temperature Range 

-55 to 150 

®C 

Lead Temperature 

300 (0.063 in. ( 1 .6mm) from case for 1 0s) 

®C 


ELECTRICAL CHARACTERISTICS @ Tq = 25° C (Unless otherwise specified) 


j Parameter 

Type 

BSSli 

IDS 


Units 

Test Conditions 

BVdss 

Drain - Source Breakdown Voltage 

UFN830 

UFN832 


■ 

- 

V 

Vqs = OV 




UFN831 

UFN833 


■ 

- 

V 

Ip = 250^A 


1 ^GS(th) Threshold Voltage 

ALL 

HQI 


IKHI 

V 

VdS = ^GS' 'd = 250/.A 

•gss 

Gate-Source Leakage Forward 

ALL 

- 

- 


nA 

Vqs = 20V 

'gss 

Gate-Source Leakage Reverse 

ALL 

- 

- 


nA 

Vqs = -20V 

•dss 

Zero Gate Voltage Drain Current 


- 

- 


aA 

Vpg = Max. Rating, Vqs 

= OV 



- 

- 


OEEB 

^DS ~ Max. Rating x 0.8, Vgg = OV, Tq = 1 25°C | 

'D(on) 

On-State Drain Current (D 

UFN830 

UFN831 


■ 

- 

a 


V^o = 10V 



UFN832 

UFN833 


ilH 

- 

A 


RDS(on) Static Drain-Source On-State 
Resistance (D 

UFN830 

UFN831 

- 


1.5 

n 

Vqs = ''0V,Id = 2.5A 



UFN832 

UFN833 




D 



ALL 



- 

S(0) 

^DS ^ 'D(on) ^DS(on) max.' 'd = 2.5A 


Input Capacitance 

ALL 

- 



pF 

Vqs = OV, Vps = 25V,f 
See Fig. 10 

= 1.0 MHz 

£S9ii 

Output Capacitance 

ALL 

- 


10331 

PF 

1 ^rss 

Reverse Transfer Capacitance 

ALL 

- 

BB 

mm 

pF 


ISHU 

Turn-On Delay Time 

ALL 

- 

- 

II^OIIII 

ns 

VDp- 225V,lp*2.5A,Zo=15n I 

DBH 

Rise Time 

ALL 

- 

- 


ns 

See Fig. 1 7 



Turn-Off Delay Time 

ALL 

- 

- 

IBI 

ns 

(MOSFET switching times are essentially 




IIBli 


001 

ns 

independent of operating temperature.) 

Og 

Total Gate Charge 
(Gate-Source Plus Gate-Drain) 

ALL 

- 

22 

30 


Vgs = lOV, Ip = 6.0A, Vpg = 0.8 Max. Rating. 

See Fig. 1 8 for test circuit. (Gate charge is essentially 

Qgs 

Gate-Source Charge 

ALL 

- 

11 

- 

nC 

independent of operating temperature.) 

Qgd 

Gate-Drain ("Miller") Charge 

ALL 

- 

11 

- 

nC 



Ld 

Internal Drain Inductance 

ALL 

_ 

3.5 


nH 

Measured from the 
contact screw on tab 
to center of die. 

Modified MOSFET 
symbol showing the 
internal device 
inductances. 




4.5 


nH 

Measured from the 
drain lead, 6mm (0.25 
in.) from package to 
center of die. 

LS 

Internal Source Inductance 

ALL 


7.5 


nH 

Measured from the 
source lead, 6mm 
(0.25 in.) from 
package to source 
bonding pad. 



THERMAL RESISTANCE 


RthJC 

Junction-to-Case 

ALL 

- 


BBl 

BSH 


RthCS 

Case-to-Sink 

ALL 

- 

■El 

- 


Mounting surface flat, smooth, and greased. 

^thJA 

Junction-to-Ambient 

ALL 

- 


80 

IQQB 

Free Air Operation 
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UFN830 UFN831 UFN832 UFN833 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


Is Continuous Source Current 

(Body Diode) 


'SM Pulse Source Current 
(Body Diode)® 


UFN830 

UFN831 


UFN832 

UFN833 


UFN830 

UFN831 


UFN832 

UFN833 


Modified MOSFET symbol 
showing the integral 
reverse P-N junction rectifier. 


VSD Diode Forward Voltage C 


UFN830 

UFN831 


Tc = 25°C, Is = 4.5A, Vqs = OV 


UFN832 

UFN833 


Tc = 25°C, Is = 4.0A, Vqs = OV 


Reverse Recovery Time 


800 


Tj = 150°C, Ip = 4.5A, dip/dt = 100A//xs 


QrP Reverse Recovered Charge 


4.6 


IxC 


Tj = 1 50°C, Ip = 4.5A, dIp/dt = 100 A/jxs 


Forward Turn-on Time 


Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Ls + Lq. 


®Tj = 25°Cto 150°C. 


) Pulse Test; Pulse width < 300^s, Duty Cycle < 2%. 


Repetitive Rating: Pulse width limited 
by max. junction temperature. 

See Transient Thermal Impedance Curve (Fig. 5). 


Fig, 1 — Typical Output Characteristics 



0 100 200 300 

Vos, DRAIN TO SOURCE VOLTAGE (VOLTS) 


Fig. 2 — Typical Transfer Characteristics 



0 1 2 3 4 5 6 7 


Vqs, gate TO SOURCE VOLTAGE (VOLTS) 


Fig. 3 — Typical Saturation Characteristics Fig. 4 — Maximum Safe Operating Area 
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UFN830 UFN831 UFN832 UFN833 


Fig. 5 — Maximum Effective Transient Thermal Impedance, Junction-to-Case Vs. Pulse Duration 



Fig. 6 — Typical Transconductance Vs. Drain Current 


Fig. 7 — Typical Source-Drain Diode Forward Voltage 




Iq, drain current (AMPERES) 


Vsd.SOURCE-TO-DRAIN voltage (VOLTS) 


Fig. 8 — Breakdown Voltage Vs. Temperature 


Fig. 9 — Normalized On-Resistance Vs. Temperature 




-40 0 40 80 120 

Tj, JUNCTION TEMPERATURE (OC) 


UNITRODE CORPORATION • 5 FORBES ROAD 
LEXINGTON, MA 02173 • TEL. (617) 861-6540 

TWX (710) 326-6509 • TELEX 95-1064 4-481 printed IN u.S A 








RQS(on). DRAIN-TO-SOURCE ON RESISTANCE (OHMS) ^ C, CAPACITANCE (pF) 


UFN830 UFN831 UFN832 UFN833 


Fig. 10 — Typical Capacitance Vs. Drain-to-Source Voltage Fig. 11 — Typical Gate Charge Vs. Gate-to-Source Voltage 



0 10 20 30 40 50 0 8 16 24 32 40 


Vds, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Qg, TOTAL GATE CHARGE (nC) 

ig. 12 — Typical On-Resistance Vs. Drain Current Fig. 13 — Maximum Drain Current Vs. Case Temperature 



0 5 10 15 20 25 25 50 75 100 125 150 


Iq, drain current (AMPERES) Tq, CASE TEMPERATURE (°C) 

Fig. 14 — Power Vs. Temperature Derating Curve 



0 20 40 60 80 100 120 140 

Tc, CASE TEMPERATURE (“O 


UNITRODE CORPORATION • 5 FORBES ROAD 
LEXINGTON, MA 02173 • TEL. (617) 861-6540 
TWX (710) 326-6509 • TELEX 95-1064 


4-482 


PRINTED IN U.S.A. 







Vgs 


UFN830 UFN831 UFN832 UFN833 


Fig. 15 — Clamped Inductive Test Circuit 


Fig. 16 — Clamped Inductive Waveforms 




Fig. 17 — Switching Time Test Circuit 



Fig. 18 — Gate Charge Test Circuit 
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POWER MOSFET TRANSISTORS 

500 Volt, 0.85 Ohm 
N-Channel 


UFN840 

UFN841 

UFN842 

UFN843 


FEATURES 

• Compact Plastic Package 

• Fast Switching 

• Low Drive Current 

• Ease of Paralleling 

• No Second Breakdown 

• Excellent Temperature Stability 


DESCRIPTION 

The Unitrode power MOSFET design utilizes the most advanced technology available. 
This efficient design achieves a very low Rosion) and a high transconductance. 

The Unitrode power MOSFET features all of the advantages of MOS technology such as 
voltage control, freedom from second breakdown, very fast switching speeds, and 
thermal stability. 

These power MOSFETS are ideally suited for many high-speed, high-power switching 
applications such as switching power supplies, motor controls, and wide-band and 
audio amplifiers. 


PRODUCT SUMMARY 


Part Number 

Vps 

RDS(on) 

Id 

UFN840 

500V 

0.85n 

8.0A 

UFN841 

450V 

0.85Q 

8.0A 

UFN842 

500V 

i.ion 

7.0A 

UFN843 

450V 

I.IOQ 

7.0A 


MECHANICAL SPECIFICATIONS 
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UFN840 UFN841 UFN842 UFN843 


ABSOLUTE MAXIMUM RATINGS 


Parameter 

UFN840 

UFN841 

UFN842 

UFN843 

Units 

Vqs Drain - Source Voltage © 

500 

450 

500 

450 

V 

Vqqr Drain - Gate Voltage (Rqs = ^ ® 

500 

450 

500 

450 

V 

'd @ ~ 25°C Continuous Drain Current 

8.0 

8.0 

7.0 

7.0 

A 

*D@^C ~ 100°C Continuous Drain Current 

5.0 

5.0 

4.0 

4.0 

A 

•dm Pulsed Drain Current (D 

32 

32 

28 

28 

A 

Vqs Gate - Source Voltage 

±20 

V 

Fq @ ^C ~ 2b®C Max. Power Dissipation 

125 (See Fig. 14) 

W 

Linear Derating Factor 

1.0 (See Fig. 14) 

W/K 

Ilm Inductive Current, Clamped 

(See Fig. 15and 16) L = lOO/xH 

32 1 32 1 28 1 28 

A 

Tj Operating Junction and 

Tgtg Storage Temperature Range 

-55 to 150 

°C 

Lead Temperature 

300 (0.063 in. ( 1 .6mm) from case for 1 0s) 

°C 


ELECTRICAL CHARACTERISTICS @ Tq = 25°C (Unless otherwise specified) 


j Parameter 

Type 

Min. 

Typ. 

Max. 

Units 

Test Conditions 

BVdsS 

Drain - Source Breakdown Voltage 

UFN840 

UFN842 

500 

- 

- 

V 

Vqs = OV 




UFN841 

UFN843 

450 

- 

- 

V 

Iq = 250^A 



ALL 

2.0 

- 

mm 

V 

'^DS = '^GS' 'd = 250/xA 

I 'gss 

Gate-Source Leakage Forward 

ALL 

- 

- 


nA 

Vqs = 20V 



ALL 

- 

_ 


nA 

Vqs = -20V 




- 


lEI 

mA 

Vqs = Rating, VQg 

= OV 1 



- 

_ - j 


mA 

Vds = Max. Rating x 0.8, Vqq = OV, Tq = 1 25°C i 


On-State Drain Current (I) 

UFN840 

UFN841 


■ 

- 

A 

^DS ^ 'D(on) ^DS(on) n 

nax ' ^GS “ 



UFN842 

UFN843 


- 


A 


RDS(on) Static Drain-Source On-State 
Resistance (D 

UFN840 

UFN841 

- 

0.8 

0.85 

Q 

Vqs = 10V, |0 = 4.0A 



UFN842 

UFN843 


1.0 

1.1 

SI 



ALL 



- 

[QQH 

^DS > 'D(on) ^DS(on) max.' 'd * 



ALL 

- 

IE99 

1600 

PF 

Vqs = OV, Vds = 25V, f 
See Fig. 10 

= 1.0 MHz 



ALL 

- 

ESI 

350 

PF 

I ^rss 

Reverse Transfer Capacitance 

ALL 

- 

Ka 

150 

pF 


mm 

Turn-On Delay Time 

ALL 

- 

mm 

35 

ns 

Vqp = 200V, Ip = 4.0A, Zq = 4.7Q 


Rise Time 

ALL 

- 

5 

15 

ns 

See Fig. 1 7 


td(off) 

Turn-Off Delay Time 

ALL 

- 

mm 

90 

ns 

(MOSFET switching times are essentially 

tf 

Fall Time 

ALL 

_ 

mm 

30 

ns 

independent of operating temperature.) 

Qg 

Total Gate Charge 
(Gate-Source Plus Gate-Drain) 


■ 

B 

60 

nC 

Vgs = 10V, Ip = 10A, Vpg = 0.8 Max. Rating. 

See Fig. 18 for test circuit. (Gate charge is essentially 


Gate-Source Charge 

ALL 

- 


_ 

nC 

independent of operating temperature.) 

^gd 

Gate-Drain ("Miller”) Charge 

ALL 

- 

22 

- 

nC 



Ld 

Internal Drain Inductance 

ALL 


3.5 

— 

nH 

Measured from the 
contact screw on tab 
to center of die. 

Modified MOSFET 
symbol showing the 
internal device 
inductances. 




4.5 


nH 

Measured from the 
drain lead, 6mm (0.25 
in.) from package to 
center of die. 

Ls 

Internal Source Inductance 

ALL 


7.5 


nH 

Measured from the 
source lead, 6mm 
(0.25 in.) from 
package to source 
bonding pad. 



THERMAL RESISTANCE 


^thJC 

Junction-to-Case 

ALL 

- 


1.0 

noon 


RthCS 

Case-to-Sink 


mBi 

mm 

- 

IQQII 

Mounting surface flat, smooth, and greased. 

BthJA 

Junction-to-Ambient 

ALL 

- 

- 

80 

K/W 

Free Air Operation 
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UFN840 UFN841 UFN842 UFN843 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


I 3 Continuous Source Current 

(Body Diode) 

UFN840 

UFN841 


- 

8.0 

A 

Modified MOSFET symbol 
showing the integral 
reverse P-N junction rectifier. 

UFN842 

UFN843 

- 


7.0 

A 

*SI\/1 Pulse Source Current 

(Body Diode) (D 

UFN840 

UFN841 

- 


32 

A 

UFN842 

UFN843 

- 

- 

28 

A 

VsD Diode Forward Voltage (D 

UFN840 

UFN841 


- 

m 

V 

Tc = 25°C, Is = 8.0A, Vqs = 100A//iS 

UFN842 

UFN843 

■ 

- 

B 

V 

Tc = 25°C, Is = 7.0A, Vqs = 100A//iS 

t^r Reverse Recovery Time 

ALL 

- 

1100 

- 

ns 

Tj = 150®C, Ip = 8.0A, dip/dt = 100A//ts 

QpR Reverse Recovered Charge 

ALL 

- 

6.4 

- 

fiC 

Tj = 150®C, Ip = 8.0A, dlp/dt = 100 A//xs 

^on Forward Turn-on Time 

ALL 

Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by L 5 + Lp. j 


0 Tj = 25°C to 1 50°C. d) Pulse Test: Pulse width < 300/as, Duty Cycle < 2%. (D Repetitive Rating: Pulse width limited 

by max. junction temperature. 

See Transient Thermal Impedance Curve (Fig. 5). 


Fig. 1 - Typical Output Characteristics 
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Vqs. DRAIN-TO-SOURCE voltage (VOLTS) 
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GATE-TO-SOURCE voltage (VOLTS) 


Fig. 3 — Typical Saturation Characteristics 
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Fig. 4 — Maxinnum Safe Operating Area 
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ZthJC<^)/RthJC< normalized EFFECTIVE TRANSIENT 
THERMAL IMPEDANCE (PER UNIT) 


UFN840 UFN841 UFN842 UFN843 


Fig. 5 — Maximum Effective Transient Thermal Impedance, Junction-to-Case Vs. Pulse Duration 
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3- Tjv|-Tc = Pdm ZthJC<‘>- 


Fig. 6 — Typical Transconductance Vs. Drain Current 
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Fig. 7 — Typical Source-Drain Diode Forward Voltage 
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RDS(on). DRAIN TO-SOURCE ON RESISTANCE (OHMS) 


UFN840 UFN841 UFN842 UFN843 


Fig. 10 — Typical Capacitance Vs. Drain-to-Source Voltage Fig. 11 — Typical Gate Charge Vs. Gate-to-Source Voltage 



0 5 10 15 20 25 30 35 40 45 50 0 20 40 60 80 


Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Qg, TOTAL GATE CHARGE (nC) 


Fig. 12 — Typical On*Resistance Vs. Drain Current Fig. 13 — Maximum Drain Current Vs. Case Temperature 



0 5 10 15 20 25 30 35 25 50 75 100 125 150 

Iq, DRAIN CURRENT (AMPERES) Tq, CASE TEMPERATURE (“C) 

Fig. 14 — Power Vs. Temperature Derating Curve 



Tc. CASE TEMPERATURE («C) 
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UFN840 UFN841 UFN842 UFN843 


Fig. 15 - Clamped Inductive Test Circuit 


Fig. 16 — Clamped Inductive Waveforms 





Fig. 17 — Switching Time Test Circuit 



Fig. 18 - Gate Charge Test Circuit 
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POWER TRANSISTORS 

5A, 500V, Fast Switching, High Es/b 
Silicon NPN Mesa 


UMT1006 

UMT1007 


FEATURES 

• Rise Time; 0.4/ttS) , 

• Fall Time: 0.4/iS/ 

• High Second Breakdown Energy.- 540;uJ 

• Collector Emitter Voltage; up to 500V 

• Peak Collector Current; lOA 

• Key Parameters characterized at lOO^C 


DESCRIPTION 

These high voltage glass passivated 
power transistors combine fast 
switching, low saturation voltage and 
rugged Ej/b capability. They are 
designed for use in off-line power sup- 
plies, high voltage inverters, switching 
regulators, ignition systems and 
deflection circuits. 


ABSOLUTE MAXIMUM RATINGS 

Collector Emitter Voltage, Vcev 

Collector Emitter Voltage, Vceo (sus) 

Emitter Base Voltage, Vebo 

Collector Current, Ic continuous 

Collector Current, Ic peak 

Base Current, 1^ continuous 

Power Dissipation, 25°C Case 

Derating Factor 

Operating and Storage Temperature Range 


UMTIOOe 

UMT1007 

400V 

500V 

300V 

400V 

7V 

7V 

5A 

5A 

lOA 

lOA 

5A 

5A 

lOOW 

lOOW 

..571W/°C 

571W/°C 


-65 to 200°C. 


MECHANICAL SPECIFICATIONS 


NOTE: 

Leads may be soldered to within 
Vie" of base provided temperature- 
time exposure is less than 260°C 
for 10 seconds. 




UMT1006 UMT1007 



ins. 

mm. 

A 

875 MAX 

22.23 MAX. 

B 

.135 MAX 

3 43 MAX. 

C 

250-.450 

6 35-11 43 

D 

.312 MIN 

7.92 MIN 

E 

.038- 043 DIA 

0.97-1.09 DIA. 

F 

.188 MAX RAD 

4 78 MAX RAD. 

G 

1.177-1.197 

29 90-30.40 

H 

655- 675 

16 64-17.15 

J 

.205- 225 

5.21-5 72 

K 

420- 440 

10 67-11.18 

L 

.525 MAX RAD 

13 34 MAX. RAD. 

M 

151-161 DIA 1 

3.84-4 09 DIA 
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UNITRODE 





UMT1006 UMT1007 


ELECTRICAL SPECIFICATIONS (at 25«C unless noted) 



— 

UMT1006 

UMT1007 



Test 

Symbol 

MIN. 

MAX. 

MIN. 

MAX. 

Units 

Test Conditions 

D.C. Current Gain (Note 1) 

hpE 

12 

60 

12 

60 


Ic = 1.5A,Vce = 2V 

D.C. Current Gain (Note 1) 


7 

35 

7 

35 


Ic = 3.0A, VcE = 2V 

Collector Saturation Voltage 
(Note 1) 

VcE (sat) 

- 

1.0 

- 

1.0 

V 

Ic = 3.0A, Ib = 0.6A 

Collector Saturation Voltage, 

Tc = 100°C (Note 1) 

^CE (sat) 


2.0 

- 

2.0 

V 

(c = 3.0A, Ib = 0.6A 

Collector Saturation Voltage 
(Note 1) 

^CE (sat) 

- 

5.0 

- 

5.0 

V 

lc = 5.0A, Ib = 1.0A 

Base Saturation Voltage (Note 1) 

VbE (sat) 

— 

1.4 

— 

1.4 

V 

Ic = 3.0A, Ib = 0.6A 

Base Saturation Voltage, 

Tc = 100°C (Note 1) 

VbE (sat) 

- 

1.4 

- 

1.4 

V 

lc = 3.0A, Ib = 0.6A 

Collector-Emitter Sustaining 
Voltage (Note 2) 

^CEO (sus) 

300 

- 

400 

- 

V 

lc = 0.1A, Ib = 0 

Collector-Emitter Sustaining 







Ic = 3.0A, L = m/xH 

Voltage 

VcEX (sus) 

350 

— 

450 

— 

V 

Ibi — ^2 ~ 0.6A 

Tc = 100° C (Note 2) 






VcE clamp = rated VcEX|,„,| 

Emitter-Base Cutoff Current 

^EBO 

— 

1 

— 

1 

mA 

Ve, = 9V 



_ 

0.5 




VcE = 400V, Vbe = -1.5V 

Collector Cutoff Current 

^ccv 




mA 




— 


— 

0.5 

VcE = 500V, Vbe = -1.5V 

Collector Cutoff Current, 


— 

2.5 

— 

— 

mA 

VcE = 400V, Vbe = -1.5V 

Tc = 100°C 

*CEV 

— 


— 

2.5 

VcE=: 500V, Vbe = -1.5V 

Collector Cutoff Current, 


— 

3.0 

— 

— 

mA 

VcE = 400V, Rbe = 50n 

Tc = 100°C 

IcER 

— 

— 

— 

3.0 

VcE = 500V, Rbe = 50n 

Output Capacitance, 

Common Base 

^obo 

50 

150 

50 1 

150 

pF 

VcB = 10V,f = lMHz 

Gain-Bandwidth Product 

1 

Ft 

6 

24 

6 ' 

24 

MHz 

VcE = 10V, lc = 0.2A,f = lMHz 

Energy Second Breakdown 

Es/b 

540 


540 



Ic = 3.0A, Vbe (off) = 4V 

(undamped) 



L = 120/zH undamped 

Resistive Switching Speeds 








Delay Time 

td 

— 

.05 

— 

.05 


Ic = 3.0A 

Rise Time 

t, 

— 

0.4 

— 

0.4 

fiS 

Vcc = 200V 

Storage Time 

ts 

— 

4.0 

— 

4.0 

Ibi — Ib2 — 0.6A 

Fall Time 

tf 

— 

0.4 

— 

0.4 


Vbe (off) = 5V 

Inductive Switching Speeds 








Tc = 100°C 







lc = 3.0A,L = 180/iH 

Storage Time 

t. 

— 

4.0 

— 

4.0 

fiS 

Ibi ” Ib2 — 0.6A 

Fall Time 

tf 

— 

0.4 

— 

0.4 

VcE clamp = rated Vcex (sus) 

Thermal Resistance, 
Junction-to-Case 

1 

R0JC 

- 

1.75 

- 

1.75 

cc/w 



Notes: 

1. Pulse width = 250//S: duty cycle <1%. 

2. Sustaining Voltage. Measured at a high current point where collector-emitter voltage is lowest. Current pulse length s 50/jS; duty cycle < 1%. 
Voltage clamped at maximum collector-emitter voltage. 
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D.C. CURRENT GAIN 







UMT1008 

UMT1009 


POWER TRANSISTORS 

8 Amp, 500V Fast Switching, High Es/b 


Silicon NPN Mesa 


FEATURES 

• Rise Time; 0.4/zs [ . ^ . 

• Fall Time: 0.4/iS f 'c - 

• High Second Breakdown Energy: 1500/iJ 

• Collector Emitter Voltage: up to 500V 

• Peak Collector Current; 16A 

• Key Parameters characterized at 100®C 


DESCRIPTION 

These high voltage triple diffused glass 
passivated power transistors combine 
fast switching, low saturation voltage 
and rugged Ej/b capability. They are 
designed for use in off-line power sup- 
plies, high voltage Inverters, switching 
regulators. Ignition systems and 
deflection circuits. 


ABSOLUTE MAXIMUM RATINGS 

Collector Emitter Voltage, Vcev 

Collector Emitter Voltage, Vceo{sus) 

Emitter Base Voltage, V^bo 

Collector Current, 1^ continuous 

Collector Current, 1^ peak 

Base Current, Ig continuous 

Power Dissipation, 25°C Case 

Derating Factor 

Operating and Storage Temperature Range 


UMT1008 

UMT1009 

400V 

500V 

300V 

400V 

7V 

7V 

8A 

8A 

16A 

16A 

8A 

8A 

125W. 

125W 

.714W/°C 

714W/°C 


.-65 to 200°C 


MECHANICAL SPECIFICATIONS 


NOTE: 

Loads may be soldered to within 
Vie" of base provided temperature- 
time exposure is less than 260“C 
for 10 seconds. 






■E 1 / 

A - 

— 

- 


r G tf- i 





1 " \ 

B- 

— 1 

i 

- 






ins. 

mm. 

A 

875 MAX 

22 23 MAX 

B 

135 MAX 

3 43 MAX 

C 

250- 450 

6 35-11 43 

D 

312 MIN 

7 92 MIN 

E 

038- 043 DIA 

0 97-1 09 DIA 

F 

188 MAX RAD 

4 78 MAX RAD 

G 

1 177-1 197 

29 90-30 40 

H 

655- 675 

16 64-17 15 

J 

205- 225 

5 21-5 72 

K 

420- 440 

1067-11 18 


525 MAX RAD 

13 34 MAX RAD 

M 

151- 161 DIA 

3 84-4 09 DIA 
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UNITRODE 





UMT1008 UMT1009 


ELECTRICAL SPECIFICATIONS (at 25°C unless noted) 


Test 

Symbol 

UMT1008 

UMT1009 

Units 

Test Conditions 

MIN. 

MAX. 

MIN. 

MAX. 

D.C. Current Gain (Note 1) 

hpE 

12 

60 

12 

60 


Ic=:2.5A,Vce=:3V 

D.C. Current Gain (Note 1) 

hpE 

7 

35 

7 

35 


Ic = 5.0A,Vce = 3V 

Collector Saturation Voltage 
(Note 1) 

^CE (sat) 

— 

1.5 

- 

1.5 

V 

lc = 5.0A, Ib = 1.0A 

Collector Saturation Voltage, 

Tc = 100°C(Note 1) 

VcE (sat) 

- 

2.5 

- 

2.5 

V 

Ic = 5.0A, Ib = l.OA 

Collector Saturation Voltage 
(Note 1) 

^CE (sat) 

— 

5.0 

- 

5.0 

V 

Ic = 8.0A, Ib = 2.0A 

Base Saturation Voltage (Note 1) 

^BE (sat) 

— 

1.6 

— 

1.6 

V 

< 

o 

< 

o 

in 

II 

_o 

Base Saturation Voltage, 

Tc = 100“C (Note 1) 

^BE (sat) 

- 

1.6 

- 

1.6 

V 

lc = 5.0A, Ib = 1.0A 

Collector-Emitter Sustaining 
Voltage (Note 2) 

VcEO (sus) 

300 

- 

400 

- 

V 

lc = 0.1A 

Collector-Emitter Sustaining 
Voltage 

Tc = 100°C (Note 2) 

VcEX (sus) 

350 

- 

450 

- 

V 

Ic = 5.0A, L = 180/xH 

Ib, = Ib2 = 1A 

VcE clamp crated Vcex (sus) 

Emitter-Base Cutoff Current 

Ubo 

— 

1 

— 

1 

mA 

Veb = 9V 

Collector Cutoff Current 

^CEV 

- 

0.5 

— 

0.5 

mA 

VcE=: 400V, V,E = -1.5V 

VcE=: 500V, Vbe = -1.5V 

Collector Cutoff Current, 

Tc = 100°C 

*CEV 



2.5 

— 

2.5 

mA 

VcE = 400V, Vbe = -1.5V 

VcE = 500V, Vbe=: -1.5V 

Collector Cutoff Current, 

Tc = 100°C 

IcER 

— 

3.0 

— 

3.0 

mA 

VcE = 400V, Rbe = 50fl 

Vce=500V, R,E = 50n 

Output Capacitance, 

Common Base 

^obo 

100 

200 

100 

200 

pF 

VcB = lOV, f = 1 MHz 

Gain-Bandwidth Product 

Ft 

6 

30 

6 

30 

MHz 

VcE = lOV, Ic = 0.3A, f = 1 MHz 

Energy Second Breakdown 
(undamped) 

Es/b 

1500 

- 

1500 

- 

/xJ 

Ic = 5.0A 

Ib, = 1A 

L = 120/xH undamped 

Resistive Switching Speeds 

Delay Time 

Rise Time 

Storage Time 

Fall Time 

td 

t, 

ts 

tf 


0.1 

0.4 

4.0 

0.4 

- 

0.1 

0.4 

4.0 

0.4 

fiS 

Ic = 5.0A 

Vcc = 200V 

Ibi = Ib2 = 

^BE (off) = 

Inductive Switching Speeds 

Tc = 100°C 

Storage Time 

Fall Time 

ts 

tf 


4.0 

0.4 

- 

4.0 

0.4 

IXS 

Ic = 5.0A, L = 180^H 

Ibi = Ib2 = 

VcE damp = rated Vcex (sus) 

Thermal Resistance, 
Junctlon-to-Case 

f^ejc 


1.4 

— 

1.4 

°C/W 



Notes: 

1. Pulse width = 250ijS‘, duty cycle <1%. 

2. Sustaining Voltage. Measured at a high current point where collector-emitter voltage is lowest. Current pulse length s SOfjS; duty cycle < 1%. 
Voltage clamped at maximum collector-emitter voltage. 
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D.C. CURRENT GAIN _ COLLECTOR CURRENT (A) 


UMT1008 UMT1009 



’5 10 20 50 100 200 500 

VcE — COLLECTOR VOLTAGE (V) 


Power Derating 



0 40 80 120 160 200 

Tc — CASE TEMPERATURE (X) 


Reverse Biased Safe Operating Area 













































“ 

















. 

















































1 




n 


























n 








1 


■ 




h 













1 

1 












J 







1 

1 

1 




J 



— 

— 

— 

— 

p 



— 


— 

— 

— 

3E 


— 










j 

1 






_i_ 




Zj 

. 







j 

j 






1 












J 

1 

J 









[1 

Ij 






— 

hUMTl 

()09 

1 


1 










— 

— 

•UMTl 

008 

□ 


j 



"1 









'^BE (O 

ff: = 

^100 

I i 

^5 

iX 

1 1 

V 

1 

1 



1 










■c 





















M 

t 

j 

1 

1 








10 20 50 100 200 500 

VcEx(sus) — COLLECTOR VOLTAGE (V) 



0.1 0.2 0.5 1 2 5 10 


Ic — COLLECTOR CURRENT (A) 


Saturation Voltages 



0.1 0.2 0.5 1 2 5 10 

Ic — COLLECTOR CURRENT (A) 
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TIME (ns) 


UMT1008 UMT1009 


Switching Time, Vcex (sus) 
Test Circuit 


Ej/b Test Circuit 



Turn-On Time 



0.1 0.2 0.5 1 2 5 10 

Ic — COLLECTOR CURRENT (A) 


Turn-Off Time 



0.1 0,2 0.5 1 2 5 10 

1^ — COLLECTOR CURRENT (A) 
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POWER TRANSISTORS 

15A, 500V, Fast Switching, High Es/b 
Silicon NPN Mesa 


UMTlOll 

UMT1012 


FEATURES 

• Rise Time: 0.4/iS) , 

• Fall Time: 0.4^s/ 

• High Second Breakdown Energy: 6000/iJ 

• Low Saturation Voltage 

• Collector Emitter Voltage: up to 500V 

• Peak Collector Current; 30A 

• Key Parameters characterized at 100° C 


DESCRIPTION 

These high voltage glass passivated 
power transistors combine fast 
switching, low saturation voltage and 
rugged Es/b capability. They are 
designed for use in off-line power sup- 
plies, high voltage inverters, switching 
regulators, Ignition systems and 
deflection circuits. 


ABSOLUTE MAXIMUM RATINGS 

Collector Emitter Voltage, Vcgy 

Collector Emitter Voltage, Vceo (sus) 

Emitter Base Voltage, V^bo 

Collector Current, 1^ continuous 

Collector Current, Ic peak 

Base Current, Ig continuous 

Power Dissipation, 25°C Case 

Derating Factor 

Operating and Storage Temperature Range 


UMT1011 

UMT1012 

400V 

500V 

300V 

400V 

9V 

9V 

15A 

15A 

30A 

30A 

lOA 

lOA 

. . 175W 

175W 

1.0W/°C 

1.0W/°C 


-65 to 200°C. 


MECHANICAL SPECIFICATIONS 


NOTE: 

Leads may be soldered to within 
Vic" of base provided temperature- 
time exposure is less than 260°C 
for 10 seconds. 





UMT1011 UMT1012 



ins. 

mm. 

A 

875 MAX. 

22.23 MAX. 

B 

135 MAX 

3.43 MAX. 

C 

250- 450 

6.35-11.43 

D 

312 MIN. 

7.92 MIN. 

E 

038-.043 DIA 

0 97-1 09 DIA 

F 

.188 MAX RAD. 

4.78 MAX. RAD 

1 } 

1.177-1.197 

29.90-30.40 

H 

.655- 675 

16.64-17.15 

J 

205-.225 

5.21-5.72 

K 

.420- 440 

10.67-11 18 

L 

525 MAX. RAD. 

13.34 MAX. RAD. 

M 

.151- 161 DIA. 

3.84-4 09 DIA. 
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UMTlOll UMT1012 


ELECTRICAL SPECIFICATIONS (at 25°C unless noted) 




UMTlOll 

UMT1012 


Test Conditions 

Test 

Symbol 

MIN. 

MAX. 

MIN. 

MAX. 

Units 

D.C. Current Gain (Note 1) 

hpE 

12 

60 

12 

60 


Ic = 5.0A,Vce = 2.0V 

D.C. Current Gain (Note 1) 

hpE 

6 

30 

6 

30 


Ic = 10A,Vce = 2.0V 

Collector Saturation Voltage 
(Note 1) 

^CE (sat) 

- 

1.0 

- 

1.0 

V 

lc = 10A, Ib = 2.0A 

Collector Saturation Voltage, 



2.0 


2.0 

V 

Ic-lOA, Ib = 2.0A 

Tc = 100°C(Note 1) 

^CE (sat) 





Collector Saturation Voltage 
(Note 1) 

^CE (sat) 

- 

5.0 

- 

5.0 

V 

Ic = 15A,Ib = 3.0A 

Base Saturation Voltage (Note 1) 

^BE (sat) 

— 

1.6 

— 

1.6 

V 

Ic = 10A,Ib = 2.0A 

Base Saturation Voltage, 





1.6 


Ic = 10A,Ib = 2.0A 

Tc = 100°C (Note 1) 

^BE (sat) 

— 

1.6 

— 

V 

Collector-Emitter Sustaining 
Voltage (Note 2) 

^CEO (sus) 

300 

- 

400 

_ 

V 

lc = 0.1A, Ib = 0 

Collector-Emitter Sustaining 







Ic = 8.0A, L = 180/xH 

Voltage 

^CEX (sus) 

350 

— 

450 

— 

V 

ifii — ^B2 — 2.0A 

Tc = 100° C (Note 2) 






VcE clamp = rated VcEX|su.i 

Emitter-Base Cutoff Current 

*EBO 

— 

1 

— 

1 

mA 

Veb = 9V 

Collector Cutoff Current 


— 

1.0 

— 

— 

mA 

VcE = 400V, Vbe = -1.5V 






VcE = 500V, Vbe = -1.5V 



— 

— 

— 

1.0 


Collector Cutoff Current, 

1 

— 

3.0 

— 

— 

mA 

VcE = 400V, Vbe=: -1.5V 

Tc = 100°C 

*CEV 

— 

— 

— 

3.0 

VcE = 500V, Vbe = -1.5V 

Collector Cutoff Current, 

1 

— 

3.0 

— 

— I 

mA 

VcE = 400V, Rbe = 5012 

Tc = 100°C 

*CER 

— 

— 

— 

3.0 

VcE = 500V, Rbe = 5012 

Output Capacitance, 

Common Base 

^obo 

180 

360 

180 

360 

PF 

VcB = lOV, f = 1 MHz 

Gain-Bandwidth Product 

Ft 

6 

24 

6 

24 

MHz 

VcE = 10V, lc = 0.5A,f = lMHz 

Energy Second Breakdown 
(undamped) 

Es/b 

6000 

- 

6000 I 

- 


Ic = 10A,Vee(o„| = -4V 

L = 120^iH undamped 

Resistive Switching Speeds 








Delay Time 

td 

_ 

.05 

— 

.05 


Ic = lOA 

Rise Time 

K 

— 

0.4 

— 

0.4 

^S 

Vcc = 200V 

Storage Time 

ts 

— 

4.0 

— 

4.0 

^Bl — ^B2 — 2.0A 

Fall Time 

tf 

— 

0.4 

— 

0.4 


^BE (off) = 5V 

Inductive Switching Speeds 








Tc = 100°C 







Ic = lOA, L = 180/zH 

Storage Time 

t. 

_ 

4.0 

— 

4.0 

fiS 

Ui — ^2 — 2.0A 

Fall Time 

tf 

— 

0.4 

— 

0.4 

VcE damp = rated Vcex(sus) 

Thermal Resistance, 
Junction-to-Case 

^ejc 

- 

1.0 

1 

1 

1.0 

“C/W 



Notes: 

1. Pulse width = 250fjtS; duty cycle <1%. 

2. Sustaining Voltage. Measured at a high current point where collector-emitter voltage is lowest. Current pulse length = 50ywS: duty cycle < 1%. 
Voltage clamped at maximum collector-emitter voltage. 
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POWER TRANSISTORS 

3 Amp, 500V, Fast Switching 
Silicon NPN Mesa 


UMT1203 

UMT1204 


FEATURES 

• Collector Emitter Voltage: up to 500V 

• Peak Collector Current: 5A 

• Rise Time: < l.O^us | 

• Fall Time: < 0.7/xs ' 

• Key Parameters characterized at 100°C 

• Economical Plastic Molded Construction 


at Ic = 2A 


DESCRIPTION 

These high voltage triple diffused glass 
passivated power transistors, in a plastic 
TO-220AB package, combine fast switching, 
low saturation voltage and rugged Es/b 
capability. They are designed for use in off- 
line power supplies, high voltage inverters, 
switching regulators, deflection circuits, 
motor controls and solenoid/relay drivers. 


ABSOLUTE MAXIMUM RATINGS 

Collector Emitter Voltage, 

Collector Emitter Voltage, Vceo(sus) 

Emitter Base Voltage, V^bq 

Collector Current, 1^ continuous 

Collector Current, Iq^ peak 

Base Current, Ig continuous 

Power Dissipation, 25°C Case 

Derating Factor 

Operating and Storage Temperature Range 


UMT1203 UMT1204 


400V 

300V 

7V 

3A 

5A 

lA 

40W 

.0.32W/°C 

-65 to 150°C 


500V 

400V 

7V 

3A 

5A 

lA 

40W 

.0.32W/°C 


MECHANICAL SPECIFICATIONS 
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UNITRODE 




UMT1203 UMT1204 


ELECTRICAL SPECIFICATIONS (at 25°C unless noted) 




UMl 

ri203 

UMT1204 



Test 

Symbol 

MIN. 

MAX. 

MIN. 

MAX. 

Units 

Test Conditions 

D.C. Current Gain (Note 1) 


12 

60 

12 

60 


o 

II 

I— » 

o 

> 

< 

o 

"ll 

D.C. Current Gain (Note 1) 

hfE 

7 

35 

7 

35 


Ic = 2.0A,Vce = 3V 

Collector Saturation Voltage 
(Note 1) 

^CE (sat) 

- 

1.2 

- 

1.2 

V 

Ic = 2.0A, Ib = 0.4A 

Collector Saturation Voltage, 

Tc = 100°C (Note 1) 

^CE (sat) 

- 

1.5 

- 

1.5 

V 

lc = 2.0A, Ib = 0.4A 

Collector Saturation Voltage 
(Note 1) 

'^CE (sat) 

- 

3.0 

- 

3.0 

V 

Ic = 3.0A, Ib = 0.75A 

Base Saturation Voltage (Note 1) 

^BE (sat) 

— 

1.3 

— 

1.3 

V 

Ic = 2.0A, Ib = 0.4A 

Base Saturation Voltage, 

Tc = 100°C (Note 1) 

^BE (sat) 

- 

1.5 

- 

1.5 

V 

Ic = 2.0A, Ib = 0.4A 

Collector-Emitter Sustaining 
Voltage (Note 2) 

^CEO (sus) 

300 

- 

400 

- 

V 

o 

II 

p 

> 

Collector-Emitter Sustaining 







Ic = 2.0A, L = 500/.H 

Voltage 

^CEX (sus) 

350 

— 

450 

— 

V 

lB, = lBa = 0.4A 

Tc = 100°C (Note 2) 






VcE clamp = rated VcEX(,„,| 

Emitter-Base Cutoff Current 

*EBO 

— 

1 

— 

1 

mA 

Vee = 7V 

Collector Cutoff Current 


— 

0.5 

— 

— 

mA 

VcE = 400V, Vbe = -1.5V 






VcE= 500 V,Vbe = -1.5V 



— 

— 

— 

0.5 


Collector Cutoff Current, 

1 

— 

2.5 

— 

— 

mA 

VcE = 400V, Vbe = 

Tc = 100°C 

'CEV 

— 


— 

2.5 

VcE= 500V, Vbe = -1.5V 

Collector Cutoff Current, 

1 

— 

3.0 

— 

— 

mA 

VcE = 400V, R = 50fi 

— 1 
o 

1! 

g 

o 

■CER 

— 

_ 

— 

3.0 

VcE = 500V, R = 50n 

Output Capacitance, 

Common Base 

^obo 

35 

100 

35 

100 

PF ! 

VcB = lOV, f = 1 MHz 

Gain-Bandwidth Product 

Ft 

6 

30 

6 

30 

MHz 1 

VcE = lOV, Ic = 0.3A, f = 1 MHz 

Energy Second Breakdown 
(undamped) 

^s/b 

80 

- 

80 

- 

fiJ 

Ic = 2.0A 

Ib, = 0.4A 

L = 40/xH undamped 

Resistive Switching Speeds 








Delay Time 

td 

— 

0.1 

— 

0.1 


Ic = 2.0A 

Rise Time 

K 

— 

1.0 

— 

1.0 

fiS 

Vcc = 200V 

Storage Time 

ts 

— 

4.0 

— 

4.0 

Ifii — ^82 — 0*4A 

Fall Time 

tf 

— 

0.7 

— 

0.7 


Vbe (off) = 5V 

Inductive Switching Speeds 




i 




Tc = 100°C 







Ic = 2.0A, L = 500^iH 

Storage Time 

ts 

— 

4.0 



4.0 

fis 

Ibi — Ib2 — ^•4A 

Fall Time 

tf 

— 

0.9 

_ ! 

0.9 

VcE clamp = rated Vcex (sus) 

Thermal Resistance, 
Junction-to-Case 

^ejc 


3.12 

- 

3.12 

°C/W 



Notes: 

1. Pulse width = 250yuS: duty cycle <1%. 

2. Sustaining Voltage. Measured at a high current point where collector-emitter voltage is lowest. Current pulse length s 50/;S; duty cycle < 1%. 
Voltage clamped at maximum collector-emitter voltage. 
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D.C. CURRENT GAIN Ic — COLLECTOR CURRENT (A) 
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TIME (ns) 


UMT1203 UMT1204 


Switching Time 

Test Circuit Ej/, Test Circuit 


125V +10V 




Resistive Turn-On Time 



.05 0.1 0.2 0.5 1 2 5 

1^ — COLLECTOR CURRENT (A) 


Resistive Turn-Off Time 



.05 0.1 0.2 0.5 1 2 5 

Ic — COLLECTOR CURRENT (A) 
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POWER TRANSISTORS 

15A, 450V NPN Mesa 


UMT2000 


FEATURES 


• Collector Emitter Voltage: 850V 

• Peak Collector Current: 20A 

• Storage Time < 800ns ^ . ■ 

• Fall Time < 70ns i ^ 


= lOA 


DESCRIPTION 

These high voltage, multiple layer 
epitaxial, glass passivated power 
transistors combine fast switching, low 
saturation voltage and rugged second- 
breakdown capability. They are designed 
for use in off-line power supplies, high 
voltage inverters and switching regulators. 


ABSOLUTE MAXIMUM RATINGS 

Collector Emitter Voltage, Vcev 850V 

Collector Emitter Voltage, Vceo(sus) 450V 

Emitter Base Voltage, Vebo 6V 

Collector Current, Ic continuous 15A 

Collector Current, Icm peak (Note 1) 20A 

Base Current, Ib continuous lOA 

Base Current, Ibm peak 15A 

Power Dissipation, 25®C Case 175W 

100°C Case lOOW 

above 25°C, derate linearly 1W/°C 

Operating and Storage Temperature Range -65°C to -^200°C 

Thermal Resistance, Junction to Case, R^jc 1°C/W 


Note: 1. Pulse Test - Pulse Width = 5ms: Duty Cycle < 10% 


MECHANICAL SPECIFICATIONS 


NOTE: 

Leads may be soldered to within 


UMT2000 


time exposure is less than 260®C 




INCHES 

MILLIMETERS 

for 10 seconds. 




A 

.875 MAX. 

22.23 MAX. 







/-M 

B 

135 MAX. 

3.43 MAX. 






C 

.250- .043 DIA. 

6.35-11.43 



n 


\ 


^BASE 

D 

.312 MIN. 

7.92 MIN. 





^ 1 / 


EMITTER 

E 

.038- .043 DIA 

0 97-1 09 DIA. 






M 


188 MAX. RAD 

4 78 MAX RAD. 

ock An 

A ^ 



1 1 

I 

1 


> y- — 

~H~ 

.655- 675 

16.64- 17.15 





1 


J 

.205-225 

5.21-5.72 





J ^ \ 

■ (+)-v 


K 

.420- .440 

10.67-11.18 

p- 

►J 

- 


J-- 

T 


L 

.525 MAX. RAD. 

13.34 MAX. RAD. 

D 

1 




M 

.151-. 161 DIA. 

3.84-4.09 DIA. 


c 

D 


K 


N 

,190-210 

4.83-5.33 



4/82 


4-506 


UNITRODE 




UMT2000 


ELECTRICAL SPECIFICATIONS (at 25°C unless noted) 


TEST 

SYMBOL 


UNITS 

TEST CONDITIONS 

MIN. 

TYP. 

MAX. 

Off Characteristics | 

Collector Emitter Sustaining Voltage 

VcEO(sus) 

450 

- 

— 

V 

lc= 100mA, Ib = 0, L = lOmH 

Collector Cutoff Current 

IcEV 

— 

— 

0.25 

mA 

VcEv = 850V, VBE.off. = 1.5V 

Collector Cutoff Current 

Tc = 100°C 

ICEV 

- 

- 

2.5 

mA 

VcEv = 850V, VBE(off) = 1.5V 

Collector Cutoff Current 

Tc = 100"C 

ICER 


- 

1.5 

mA 

VcE = 850V, Rbe = 50fi 

Emitter Cutoff Current 

Iebo 


— 

1.0 

mA 

Veb = 6V, Ic = 0 

On Characteristics (Note 1) 

Collector Emitter Saturation Voltage 

VcE(sat) 

_ 

— 

2.5 

V 

Ic = 5A, Ib = 0.5A 

Collector Emitter Saturation Voltage 

VcE(sat) 

— 

_ 

3.0 

V 

lc= lOA, Ib= 1A 

Collector Emitter Saturation Voltage 

Tc = 100°C 

VcE(sat) 

- 

3.0 

- 

V 

Ic = lOA, Ib = lA 

Base Emitter Saturation Voltage 

VsECsat) 

— 

— 

1.5 

V 

lc= lOA, Ib= 1A 

Base Emitter Saturation Voltage 

Tc = 100°C 

VcElsat) 

- 

1.5 


V 

Ic = lOA, Ib = lA 

DC Current Gain 

hpE 

5.0 

— 

— 


Ic = 15A, VcE = 5V 

Dynamic Characteristics 

Output Capacitance 

CobO 

- 

- 

400 

pF 

VcB = lOV, Ie = 0, 
f test = l.OkHz 

Switching Characteristics 

Resistive Switching Speeds 

Turn on Time 

Storage Time (Note 2) 

Fall Time (Note 2) 

l-on 

ts 

tf 

— 

220 

900 

150 

_ 

ns 

ns 

ns 

Ic = lOA 

Vcc = 250V 

Ibi = lA 

Ib2 “ 2A, Rb “ 1.60 

Storage Time (Note 2) 

Fall Time (Note 2) 

ts 

t- 


500 

40 

_ 

ns 

ns 

Ic = lOA 

Vcc = 250V 

Ibi = lA 

Ib2 = 2A, Rb = 1.60 

VBE.off. = 5V 

inductive Switching Speeds 

Tc = lOO'^C 

Storage Time 

Fall Time 

Crossover Time 

tsv 

tf. 

tc 


650 

30 

50 

— 

1500 

150 

200 

ns 

ns 

ns 

Ic = lOA 

Ibi = lA 

VBE(off) = 5V 

VcE(pk. = 400V 

Tc = 150“C 

Storage Time 

Fall Time 

Crossover Time 

tsv 

tf, 

tc 



850 

30 

70 



ns 

ns 

ns 

Ic = lOA 

Ibi = lA 

VBBoff. = 5V 

VcE(pk) = 400V 


Notes: 1 Pulse Test — Pulse Width = 300/iS, Duty Cycle < 2%. 
2. Pulse Test — Pulse Width = 30/iS, Duty Cycle < 2%. 
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UMT2000 


TYPICAL DYNAMIC CHARACTERISTICS 


Base-Emitter Voltage 



0 15 0 50 1.0 2.0 3 0 50 70 10 15 


ic-COLLECTOR CURRENT (A) 


DC Current Gain 



0 2 0 5 1.0 2 0 5.0 10 20 


Ic-COLLECTOR CURRENT (A) 


Collector- Emitter Saturation Voltage 



0.15 05 10 20 50 10 15 


Ic-COLLECTOR CURRENT (A) 


Maximum Forward Bias 
Safe Operating Area 



5 0 10 20 30 50 70 100 200 300 450 


Vce-COLLECTOR-EMITTER voltage (V) 


Power Derating 



Tc-CASE TEMPERATURE (»C) 
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I, -COLLECTOR CURRENT FALL TIME (ns) 


UMT2000 


TYPICAL DYNAMIC CHARACTERISTICS 


Transient Thermal Response 



10’ 10^ tp(ms) 


Typical 
Storage Time 



— 1 























_ 


— 1 


H 

- 


















_j3 


10 




T 

V 

C = 

/b“C 

20V 

— 

— 

— 

- 







1 














1.5 2 0 3.0 5 0 7 0 10 15 

Ic-COLLECTOR CURRENT (A) 


Collector Current Fall Time 


20 fc = 75°C- 

Vcc = 20V 


1 5 2.0 3.0 5 0 7 0 10 15 

Ic-COLLECTOR CURRENT (A) 


Inductive Switching Measurements 

n \ \ ^ I I T" 



Crossover Time 





15 I L_ 

15 20 


3 0 5.0 7.0 10 

Ic-COLLECTOR CURRENT (A) 
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POWER TRANSISTORS 

30A, 400V, NPN Mesa 


UMT2003 


FEATURES 


• Collector Emitter Voltage: 850V 

• Peak Collector Current: 60A 

• Storage Time < 3/js 

• Fall Time < 0.8/js 


► at lc = 20A 


DESCRIPTION 

These high voltage, multiple layer 
epitaxial, glass passivated power 
transistors combine fast switching, low 
saturation voltage and rugged second- 
breakdown capability. They are designed 
for use in off-line power supplies, high 
voltage inverters and switching regulators. 


ABSOLUTE MAXIMUM RATINGS 

Collector Emitter Voltage, Vcev 850V 

Collector Emitter Voltage, Vceo(sus) 400V 

Emitter Base Voltage, Vebo 7V 

Collector Current, Ic continuous 30A 

Collector Current, Icm peak 60A 

Base Current, Ib continuous 8A 

Base Current, Ibm peak 30A 

Power Dissipatiori, 25°C Case 250W 

Junction Temperature -^200°C 

Thermal Resistance, Junction to Case, R^jc . 0.7°C/W 


MECHANICAL SPECIFICATIONS 


NOTE: 

Leads may be soldered to within 
Vie" of base provided temperature- 
time exposure is less than 260°C 
for 10 seconds. 



UMT2003 



INCHES 

MILLIMETERS 

A 

875 MAX. 

22.23 MAX 

B 

.135 MAX 

3 43 MAX. 

C 

.250-.043 DIA. 

6.35-11.43 

D 

.312 MIN 

7.92 MIN. 

E 

.057-.063 

1.45-1.60 DIA 

F 

188 MAX. RAD. 

4 78 MAX RAD. 

G 

1 177-1.197 

29 90-30.40 

H 

655-.675 

16.64-17.15 

J 

205-225 

5.21-5.72 

K 

.420-.440 

10 67-11 18 

, L 

.525 MAX. RAD. 

13,34 MAX RAD 

M 

.151- 161 DIA 

3 84-4 09 DIA 

N 

190-.210 

4 83-5.33 



4/82 


4-510 


UNITRODE 




UMT2003 


ELECTRICAL SPECIFICATIONS (at 25°C unless noted) 


TEST 

SYMBOL 


UNITS 

TEST CONDITIONS 

MIN. 

TYP. 

MAX. 





Off Characteristics 

Collector Emitter Sustaining Voltage 

VcEO(sus) 

400 

- 

- 

V 

Ic = 0.2A, Ib = 0 

L = 25mH 

Emitter Base Voltage 

Vebo 

7 

— 

30 

V 

lc = 0A, Ib = 0.1A 

Collector Cutoff Current 

Tc = 25^ 

IcEX 

- 

- 

0.4 

mA 

VcE = VcEX 

Vbe = -2.5V 

Collector Cutoff Current 

Tc = 125°C 

IcEX 

- 

- 


mA 

VcE = VcEX 

Vbe = -2.5V 

Collector Cutoff Current 

Tc = 25°C 

IcER 

- 

- 

— 

mA 

VcE = VcEX 

Rbe ^ 50 

Collector Cutoff Current 

Tc= 125°C 

IcER 

- 

- 

8 

mA 

VcE = VcEX 

Rbe — 5Q 

Emitter Cutoff Current 

Iebo 

— 


2 

mA 

Veb = 5V, Ic = 0 

On Characteristics (Note 1) 

Collector Emitter Saturation Voltage 

VcE(sat) 

— 

— 

1.5 

V 

Ic = 20A, Ib = 4A 

Collector Emitter Saturation Voltage 

VcE(sat) 

— 


3.5 

V 

Ic = 30A, Ib = 8A 

Base Emitter Saturation 

VeElsat) 

— 


1.6 

V 

Ic = 20A, Ib = 4A 

Dynamic Characteristics 

Gain-Bandwidth Product 

fr 

- 

5 

- 

MHz 

VcE = lOV, Ic = lA 
f = IMHz 

Output Capacitance 

Cobo 

— 

500 

— 

pF 

VcE = lOV, f = IMHz 

Switching Characteristics 

Resistive Switching Speeds 







Turn On Time 

ton 

— 

0.55 

1 

fjS 

Ic = 20A 

Storage Time 

ts 

— 

1,5 

3 

AS 

> 

o 

LO 

II 

o 

> 

Fall Time 

tf 

— 

0.3 

0.8 

AS 

Ibi - -1b2 - 4 A 

Inductive Switching Speeds 

T, = 25°C 






Ic = 20A, Isiend) = 4A 

Storage Time 

ts 

— 

3.5 

— 

AS 

Lb = 50a<H 

Fall Time 

t, 

— 

0.08 

— 

AS 

Vcc = 300V, -Vbe = 5V 

Inductive Switching Speeds 

T, = 100°C 






Ic = 20A, Isiend) = 4A 

Storage Time 

ts 

— 

— 

5 

AS 

Lb= 1.5a<H 

Fall Time 

tf 

— 

— 

0.4 

AS 

Vcc = 30V, -Vbe = 5V 


Note: 1. tp = 300/.fs: duty cycle < 2%. 
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POWER TRANSISTORS 

4A, 700V, Fast Switching, 

Silicon NPN Mesa 


UMT13004 

UMT13005 


FEATURES 

• Collector Emitter Voltage: up to 700V 

• Peak Collector Current: 8A 

• Rise Time: <.7/iS ) 

• Fall Time: <0.9/iS j 

• Key Parameters characterized at 100°C 

• Economical Plastic Molded Construction 


at lc = 2A 


DESCRIPTION 

These high voltage glass passivated power 
transistors, in a plastic TO-220AB package, 
combine fast switching, low saturation 
voltage and rugged Es/b capability. They are 
designed for use in off-line power supplies, 
high voltage inverters, switching regulators, 
deflection circuits, motor controls and 
solenoid/relay drivers. 



ABSOLUTE MAXIMUM RATINGS 

Collector Emitter Voltage, Vcev 

Collector Emitter Voltage, Vceo (sus) 

Emitter Base Voltage, Vgeo 

Collector Current, Ic continuous 

Collector Current, Iqm peak 

Base Current, continuous 

Power Dissipation, 25°C Case 

Derating Factor 

Operating and Storage Temperature Range 


UMT13004 


UMT13005 


600V 

300V 

9V 

4A 

8A 

2A 

75W 

0.59W/“C 

-65 to 150°C. 


700V 

400V 

9V 

4A 

8A 

2A 

75W 

.0.59W/°C 


MECHANICAL SPECIFICATIONS 



UMT13004, UMT13005 


DIM 

MILLIh 

MIN 

ETERS 

MAX 

INCHES 

MIN "1 MAX 

A 

14 23 

15.87 

0.560 

0 625 

B 

9.6^ 

10 66 

0 380 

0.420 

C _ 

3.56 

4.82 

0.140 

0 190 

D 

F 

0.51 
" 3 531 

1.14 

3.733 

0 020 

0 139 

0.045 

0.147~" 


'2 29 

2.79 

0.090 

O-llir 


■■ o'ss 

oS 

0"^ 

’ 0 250 ' 

___ 

12.70 

14 27 

0.500 

0 562 


i.l4 

-"--y 

0.045 

”0 070 

N 

_ ‘••83 

5 33 

”6'190 

0'210 

_Q 

2 54' 

3 04 

_o 106 

0 120 

R 

2.04 

2.92 

0 080 ' 

0.115 

S J 

1.14 

1.39 

0 045 

0.055 

T 

5.85^ 

6.85 

0 230 

0.270 



y 


UNITRODE 


6-79 


4-513 





UMT13004 UMT13005 

ELECTRICAL SPECIFICATIONS (at 25°C unless noted) 




UMT13004 

UMT13005 



Test 

Symbol 

MIN. 

MAX. 

MIN. 

MAX. 

Units 

Test Conditions 

D.C. Current Gain (Note 1) 

hpE 

10 

60 

10 

60 


Ic -l.OA, Vce = 5V 

D.C. Current Gain (Note 1) 

hpE 

8 

40 

8 

40 


Ic=:2.0A,Vce = 5V 

Collector Saturation Voltage 
(Note 1) 

VcE (sat) 

- 

.5 

- 

.5 

V 

Ic = l.OA, Ib = 0.2A 

Collector \ _ _ «rop 
Saturation! 

Voltage ( ^ 


— 

0.6 

— 

0.6 

u 

lc = 2.0A, Ib = 0.5A 

^CE (sat) 

- 

1.0 

- 

1.0 


(Note 1) ^ 








Collector Saturation Voltage 
(Note 1) 

^CE (sat) 

- 

1.0 

- 

1.0 

V 

Ic = 4.0A, Ib = l.OA 

Base Saturation Voltage (Note 1) 

Vbe (sat) 

— 

1.2 

- 

1.2 

V 

lc = 1.0A, Ib = 0.2A 

. . ) Tc = 25“C 


— 

1.6 

— 

1.6 

V 

(c = 2.0A, Ib = 0.5A 

''be (sat) 

- 

1.5 

- 

1.5 

(Note 1) ) 








Collector-Emitter Sustaining 
Voltage (Note 2) 

^CEO (sus) 

300 

- 

400 

- 

V 

Ic = 10mA 

Emitter-Base Cutoff Current 

*EBO 

— 

1 

- 

1 

mA 

Ve» = 9V 








VcE = 600V, Vbe = - 1.5V 

Collector Cutoff Current 






mA 

IcEv 




1 




— 

— 

— 


VcE = 700V, Vbe = - 1-5V 

Collector Cutoff Current, 

1 



5 





mA 

VcE == 600V, Vbe = “ 1-5V 

Tc = 100°C 

'CEV 

__ 

— 

— 

5 

Vce = 700V, Vbe = - 1.5V 

Output Capacitance, 

Common Base 

Cobo 

65 typ. 

65 typ. 

PF 

VcB = 10V,f = lMHz 

Gain-Bandwidth Product 

Ft 

4 

— 

4 

— 

MHz 

VcE = 10V, lc=:.5A,f = lMHz 

Resistive Switching Speeds 








Delay Time 

td 

— 

0.1 


0.1 


Ic = 2.0A 

Rise Time 

t, 

— 

0.7 

— 

0.7 


Vcc = 125V 

Storage Time 

t. 

— 

3.5 

— 

3.5 

fiS 

Ifli ~ ^B2 ~ 0.4A 

Fall Time 


— 

0.9 

— 

0.9 


VBE(off) = 5V, P.W.z.25mS 

Inductive Switching Speeds 








Tc = 100°C 







Ic = 2.0A, L = 500/.H 

Storage Time 

t, 

— 

4.0 

— 

4.0 

IxS 

I„, = 0.4A,V,e|o«| = 5V 

Fall Time (t^,- ^ t^J 


— 

0.9 

— 

0.9 

VcE clamp = rated VcEX(„.| 

Thermal Resistance, 



1.67 


1.67 

°c/w 


Junction-to-Case 

^ejc 

— 

’ — 


Thermal Resistance, 

Rgja 


62.5 


62.5 

°c/w 


Junction-to-Ambient 

— 

— 



Notes: 

1. Pulse width = 250AfS; duty cycle <1%. 

2. Sustaining Voltage. Measured at a high current point where collector-emitter voltage is lowest. Current pulse length = 50ywS: duty cycle < 1%. 
Voltage clamped at maximum collector-emitter voltage. 


Typical 

Inductive Load 
Switching Performance 


Ic 

Tj 

ts 

tfv 

tfi 

Amps 

®c 

mS 

nS 

nS 

0.5 

25 

1.8 

180 

20 

100 

1.2 

240 

30 

1.0 

25 

1.0 

160 

21 

100 

1.5 

220 

30 

2.0 

25 

1.2 

180 

25 

100 

1.7 

230 

35 
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UMT13006 

UMT13007 


POWER TRANSISTORS 

8A, 700V, Fast Switching, 

Silicon NPN Mesa 


FEATURES 

• Collector Emitter Voltage: up to 700V 

• Peak Collector Current: 16A 

• Rise Time: ^ l.O/^s) . , __ c- 

• Fall Time: < OJ/^s/ 

• Key Parameters characterized at 100° C 

• Economical Plastic Molded Construction 


DESCRIPTION 

These high voltage glass passivated power 
transistors, in a plastic TO-220AB package, 
combine fast switching, low saturation 
voltage and rugged Es/b capability. They are 
designed for use in off-line power supplies, 
high voltage inverters, switching regulators, 
deflection circuits, motor controls and 
solenoid/relay drivers 



ABSOLUTE MAXIMUM RATINGS 

Collector Emitter Voltage, Vcev 

Collector Emitter Voltage, Vc^o (sus) 

Emitter Base Voltage, V^bq 

Collector Current, Ic continuous 

Collector Current, Iqm peak 

Base Current, ig continuous 

Power Dissipation, 25°C Case 

Derating Factor 

Operating and Storage Temperature Range 


UMT13006 

600V.. 

300V... 

8V... 

8A... 

16A.. 

4A.. 

80W... 

.0.641W/°C.. 


UMT13007 

700V 

400V 

8V 

8A 

16A 

4A 

SOW 

.0.641W/°C 


..-65 to 150°C.. 


MECHANICAL SPECIFICATIONS 




6-79 


4-517 


UNITRODE 




UMT13006 UMT13007 


ELECTRICAL SPECIFICATIONS (at 25°C unless noted) 




UMT) 

L3(X)6 

UMT) 

3007 

Units 

Test Conditions 

Test 

Symbol 

■012311 


MIN. 

MAX. 




hr. 

8 

40 

8 



Ic = 2.0A,Vce = 5V 

D.C. Current Gain (Note 1) 

hfE 

6 

30 

6 

30 


1c = 5.0A,Vce = 5V 

Collector Saturation Voltage 
(Note 1) 

^CE (sat) 

- 

1.0 

- 

1.0 

V 

Ic = 2.0A, Ib = 0.4A 

Collector - 



1.5 


1.5 



saturation 

Voltage ^ 






y 

lc = 5.0A, Ib = 1.0A 

''CE (sat) 

- 

2.0 

- 

2.0 


(Note 1) 








Collector Saturation Voltage 
(Note 1) 

'^CE (sat) 

- 

3.0 

- 

3.0 

V 

lc = 8.0A, Ib = 2.0A 

Base Saturation Voltage (Note 1) 

^BE (sat) 

— 

IB 

— 


V 

Ic = 2.0A,Ib = 0.4A 

Tr 25®C 



1.6 


1.6 



Saturation 

Voltage 'c-lOOC 






v 

Ic = 5.0A, 1 b = l.OA 

''be (sat) 

— 

1.5 

— 

1.5 


(Note 1) 








Collector-Emitter Sustaining 
Voltage (Note 2) 

VcEO (sus) 

300 

- 

400 

- 

V 

lc = 10mA 

Emitter-Base Cutoff Current 

Ubo 

— 

1 


1 


Ve, = 9V 

Collector Cutoff Current 

1 

— 


|g| 

||BB| 


VcE = 600V, Vbe = -1.5V 

'CEV 

— 

bIH 



VcE = 700V, Vbe = -1.5V 



Collector Cutoff Current, 

i 

wm 

5 

B 



VcE = 600V, Vbe = -1.5V 

H 

o 

II 

o 

o 

O 

*CEV 

H 

— 

IBI 


VcE = 700V, Vbe = -1.5V 

Output Capacitance, 

Common Base 

^obo 

llOtyp. 

110 typ. 

PF 

VcB = 10V,f = lMHz 

Gain-Bandwidth Product 

Ft 

4 

— 

4 

— 

MHz 

VcE = 10V, lc = 0.5A,f rzlMHz 

Resistive Switching Speeds 








Delay Time 

td 

— 

0.1 


0.1 


Ic = 5.0A 

Rise Time 

tr 



1.0 

— 

1.0 

^S 

Vcc = 125V 

Storage Time 

ts 

— 

3.0 

— 

3.0 

Ibi = *B2 = 

Fall Time 

tf 

— 

0.7 

— 

0.7 


VBE(off)=5V 

Inductive Switching Speeds 








Tc = 100°C 







Ic = S’OA' ^BE (off) — 

Storage Time 

t. 

— 

2.3 

— 

2.3 

fiS 

iB, = lA 

Fall Time (t^,- ^ t^^) 

tf 

— 

0.7 

— 

0.7 

VcE clamp = rated Vcex (sus) 

Thermal Resistance, 

Rgjc 


1.56 


1.56 

»C/W 


Junction-to-Case 

— 

— 


Thermal Resistance, 



62.5 


62.5 

“C/W 


Junction-to-Ambient 

Rgja 

— 




Notes: 

1. Pulse width = 250^18; duty cycle <1%. 

2. Sustaining Voltage. Measured at a high current point where collector-emitter voltage is lowest. Current pulse length ss 50/uS; duty cycle < 1%. 
Voltage clamped at maximum collector-emitter voltage. 


Conditions: 



V clamp at rated Vcex (su.) 
(refer to RBSOA curve) 
Vbe ,o«,=-5V 


Typical 

Inductive Load 
Switching Performance 


•c 

Tj 

t. 

tfv 

tff 

Amps 


fiS 

nS 

nS 


25 

.45 

70 

10 


100 

,575 

100 

20 


25 

.475 

25 

4 

5.0 

100 

.60 

45 

10 


25 

.525 

20 

10 

8 0 

100 i 

.625 

45 

15 
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D.C. CURRENT GAIN — COLLECTOR CURRENT (A) 
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Is m^s^sssssmaigis wa 

Inn 









TIME (ns) 


UMT13006 UMT13007 



0.1 0.2 0.5 1 2 5 10 

Ic — COLLECTOR CURRENT (A) 


Resistive Turn-Off Time 



0.1 0.2 0.5 1 2 5 10 

Ic — COLLECTOR CURRENT (A) 


Switching Time 
Test Circuit 


125V 
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POWER TRANSISTORS 

12A, 700V, Fast Switching, 
Silicon NPN Mesa 


UIVIT13008 

UMTISOOQ 


FEATURES 

• Collector Emitter Voltage: up to 700V 

• Peak Collector Current: 24A 

• RiseTime:<1.0/iSl _ 

• Fall Time: ^OJfxSj 

• Key Parameters characterized at 100°C 

• Economical Plastic Molded Construction 


DESCRIPTION 

These high voltage glass passivated power 
transistors, in a plastic TO-220AB package, 
combine fast switching, low saturation 
voltage and rugged Es/b capability. They are 
designed for use in off-line power supplies, 
high voltage inverters, switching regulators, 
deflection circuits, motor controls and 
solenoid/relay drivers. 



ABSOLUTE MAXIMUM RATINGS 

Collector Emitter Voltage, ^CEV 

Collector Emitter Voltage, Vceo (sus) 

Emitter Base Voltage, ^EBO 

Collector Current, 1^ continuous 

Collector Current, Iq^^ peak 

Base Current, Ig continuous 

Power Dissipation, 25°C Case 

Derating Factor 

Operating and Storage Temperature Range 


UMT13008 

UMT13009 

600V. 

700V 

300V 

400V 

9V 

9V 

12A 

12A 

24A 

24A 

6A 

6A 

lOOW 

lOOW 

. 0.80W/°C 

0.80W/°C 


..-65 to 150°C. 


MECHANICAL SPECIFICATIONS 




6-79 


4-521 


UNITRODE 




UMT13008 UMT13009 


ELECTRICAL SPECIFICATIONS (at 25°C unless noted) 




UMT13008 

UMT13009 



Test 

Symbol 

MIN. 

MAX. 

MIN. 

MAX. 

Units 

Test Conditions 

D.C. Current Gain (Note 1) 

hpE 

8 

40 

8 

40 


Ic = 5.0A, VcE = 5V 

D.C. Current Gain (Note 1) 

hpE 

6 

30 

6 

30 


Ic = 8.0A, VcE = 5V 

Collector Saturation Voltage 
(Note 1) 

^CE (sai) 

- 

1.0 

- 

1.0 

V 

Ic = 5.0A, Ib = l.OA 

Collector t -25”C 



1.5 


1.5 



Saturat,on 

Voltage 






V 

lc = 8.0A, Ib = 1.6A 

’'CE (sat) 

- 

2.0 

- 

2.0 


(Note 1) 








Collector Saturation Voltage 
(Note 1) 

'^CE (sat) 


3.0 

- 

3.0 

V 

lc = 12.0A, Ib = 3A 

Base Saturation Voltage (Note 1) 

^BE (sat) 

- 

mm 

- 

1.2 

V 

Ic = 5.0A, Ib = l.OA 

Base j _ 2^00 




■Si 


1.6 



saturation 

Voltage 

\/ 






< 

II 

< 

O 

o 6 

II 

_u 

''BE (sat) 

- 


- 

1.5 

V 

(Note 1) 








Collector-Emitter Sustaining 
Voltage (Note 2) 

VcEO (sus) 

300 

- 

400 

- 

V 

Ic = 10mA 

Emitter-Base Cutoff Current 

Iebo 

- 

1 

— 

1 

mA 

V„ = 9V 

Collector Cutoff Current 

*CEV 

~ 


- 

- 

mA 

VcE = 600V, Vbe = -1.5V 

- 


- 

1.0 

VcE = 700V, Vbe = -1-5V 



Collector Cutoff Current, 

Tc = 100°C 

IcEV 

- 


- 


mA 

VcE = 600V, Vbe = -1-5V 

— 


— 

5.0 

VcE = 700V, Vbe = -1-5V 

Output Capacitance, 

Common Base 

^obo 

180 typ. 

180 typ. 

PF 

VcB = 10V,f =:1MHZ 

Gain-Bandwidth Product 

Ft 

4 

— 

4 

— 

MHz 

VcE = 10V, lc = 0.5A,f rzlMHz 

Resistive Switching Speeds 








Delay Time 

td 

— 

0.1 

— 

0.1 


lc = 8.0 

Rise Time 

t. 



1.0 

— 

1.0 

fiS 

Vcc = 125V 

Storage Time 

ts 

— 

3.0 

— 

3.0 

Ibi — ^B2 — t'6A 

Fall Time 

tf 

— 

0.7 

— 

0.7 


V,E|off, = 5V 

inductive Switching Speeds 








Tc = 100°C 







Ic = 8A, Vbe (off) — 

Storage Time 

ts 

— 

2.3 

— 

2.3 

ILlS 

Ib,=1.6A 

Fall Time (t^j ^ tj 

tf 

— 

0.7 

— 

0.7 

VcE clamp = rated Vcex (sus) 

Thermal Resistance, 



1.25 


1.25 

°C/W 


Junction-to-Case 

f^ejc 




Thermal Resistance, 



62.5 


62.5 

°C/W 


Junction-to-Ambient 

RejA 





Notes; 

1. Pulse width = 250/:;$; duty cycle <1%. 

2. Sustaining Voltage. Measured at a high current point where collector-emitter voltage is lowest. Current pulse length = SO^fS; duty cycle < 1%. 
Voltage clamped at maximum collector-emitter voltage. 


Conditions: 



V clamp at rated Vcex (sus) 
(refer to RBSOA curve) 

^BE (off) = ~5V 


Typical 

Inductive Load 
Switching Performance 


'c 

Tj 

tj 

tfv 

tf, 

Amps 

“C 

fxS 

nS 

nS 

3.0 

25 

0.5 

100 

10 

100 

0.85 

130 

14 

5.0 

25 

0.65 

40 

10 

100 

0.90 

50 

12 

8.0 

25 

0.72 

60 

12 

100 

.092 

65 

28 

12.0 

25 

.70 

70 

25 

100 

.78 

70 

110 
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COLLECTOR CURRENT (A) 


UMT13008 UMT13009 


Forward Bias Safe Operating Area 



Power Derating 



0 40 80 120 160 200 

T —CASE TEMPERATURE (X) 
c 


Reverse Biased Safe Operating Area 



10 20 50 100 200 500 1000 

VcEx (,u,) — COLLECTOR VOLTAGE (V) 


D.C. Current Gain 



Saturation Voltages 
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POWER TRANSISTORS 

1 Amp, 150V, Planar NPN 


UPTlll 

UPT112 

UPT113 

UPT114 

UPT115 


FEATURES 

• Collector-Base Voltage: up to 150V 

• Peak Collector Current: 2A 

• Turn-on Time: 100ns 

• Turn-off Time: 250ns 


DESCRIPTION 

Unitrode power transistors provide a 
unique combination of low saturation 
voltage, high gain and fast switching. They 
are ideally suited for power supply pulse 
amplifier and similar high efficiency power 
switching applications. 


ABSOLUTE MAXIMUM RATINGS 


UPT111 

Collector-Base Voltage, V^bq 60V 

Collector-Emitter Voltage, V^eq ^OV 

Emitter-Base Voltage, V^bq 5V 

D.C. Collector Current, 1^ lA 

Peak Collector Current, 1^ 2A 

Base Current, Ig 0.5A 

Power Dissipation 

25°C Ambient 

100°C Case 

Thermal Resistance, ej_c 

Operating and Storage Temperature Range 


UPT112 UPT113 UPT114 UPT115 

. . 80V lOOV ... 120V 150V 

. 60V 80V lOOV lOOV 

... 5V 5V 5V 5V 

. . lA lA lA lA 

. .. 2A 2A 2A 2A 

0.5A 0.5A 0.5A 0.5A 

85W 

4W 

..25°C/W 

-65°C to 200°C 


MECHANICAL SPECIFICATIONS 


UPTlll UPT112 UPT113 UPT114 UPT115 


p - 

1 

pop 

r 1 

1 i 


/-EMITTER 

' ^ - 



Vp^BASE 

1 B 

1 i 

■ 





L-H ! 

^^COLLECTOR 



INCHES 

MILLIMETERS 

A 

335- 370 

8 51-9 40 

B 

305-.335 

7 75-8 51 

C 

240- 260 

6 09-6 60 

D 

1 5 MIN 

38 10 MIN 

E 

010- 030 

0 254-0 762 

F 

017 ± 002 

017 ± QQJ 

oo 


200 

5 08 

H 

100 

2 54 

J 

03 1± 003 

787± 076 

K 

029- 045 

736-1 14 

L 


2 54 



4-525 


UNITRODE 





UPTlll UPT112 UPT113 UPT114 UPT115 


ELECTRICAL SPECIFICATIONS (at 25°C unless noted) 


Test 

Symbol 

Min. 

Max. 

Units 

Test Conditions 

D.C. Current Gain (Note 1) 

hpE 

30 



Ic = 0.5A, VcE = 5Vdc 

D.C. Current Gain (Note 1) 

hpE 

20 


— 

o 

II 

> 

< 

o 

II 

< 

Q. 

O 

D.C. Current Gain (Note 1) 

K, 

15 Typ. 

— 

Ic = 2A, VcE = 5Vdc 

Collector Saturation Voltage (Note 1) 

^CE (sat) 

__ 

1.0 

Vdc 

o 

II 

> 

II 

p 

> 

Base Saturation Voltage (Note 1) 

^BE (sat) 

— 

1.2 

Vdc 

1 

< 

o 

II 

< 

II I 

JJ 

Collector-Emitter Breakdown Voltage 
(Note 1) 

UPTlll 

BVce. 

60 


Vdc 

Ic = lOmAdc; Rgg = lOOfi 

UPT112 


80 




UPT113 


100 

— 



UPT114 


120 

— 



UPT115 


150 

— 



Collector-Emitter Breakdown Voltage 
(Note 1) 

BVceo 



Vdc 

Ic = lOmAdc 

UPTlll 


40 

— 



UPT112 


60 

— 



UPT113 


80 

— 



UPT114-5 


100 

— 



Collector-Emitter Cutoff Current 

*CER 

— 

10 

/xAdc 

VcE = rated BVceo- ^be = t 00 S 2 

Collector-Emitter Cutoff Current, 150°C 

*CER 

— 

1.0 

mAdc 

VcE =: rated BVceo- ^be = tOOfi, T = 150° C 

Emitter-Base Cutoff Current 

*EBO 

— 

50 

juAdc 

Vgg r= 5Vdc 

Output Capacitance 

^ob 

— 

40 

Pf 

VcB = 10Vdc, Ig^O, f = lMHz 

Gain-Bandwidth Product 

h 

50 Typ. 

MHz 

Ic = O.lAdc, VcE = 5Vdc, f = lOMHz 

Turn-on Time 
Switching Speeds _ 

Turn-off Time 

ton 

toff 

100 Typ. 

250 Typ. 

ns 

ns 

lc = lA 


Note: 1. Pulse width = 300 fis; duty cycle ^2%. 


Maximum Safe Operating Area 
UPTlll -115 



1 2 5 10 20 50 100 

VcE — COLLECTOR — EMITTER VOLTAGE (V) 


D.C. Current Gain vs. Collector Current 



.02 .05 .1 .2 .5 1 2 

Ic — COLLECTOR CURRENT (A) 


Switching Speed Circuit + 60 V 
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POWER TRANSISTORS 

2 Amp, 150V, Planar NPN 


UPT211 

UPT212 

UPT213 

UPT214 

UPT215 


FEATURES 

• Collector-Base Voltage: up to 150V 

• Peak Collector Current: 5A 

• Turn-on Time: 130ns 

• Turn-off Time: 300ns 


ABSOLUTE MAXIMUM RATINGS 


DESCRIPTION 

Unitrode power transistors provide a 
unique combination of low saturation 
voltage, high gain and fast switching. They 
are ideally suited for power supply, pulse 
amplifier and similar high efficiency power 
switching applications. 



UPT211 

UPT212 

UPT213 

UPT214 

UPT215 

Collector-Base Voltage, V^bq 

. 60V 

80V 

lOOV 

... 120V 

150V 

Collector-Emitter Voltage, V^eo 

40V 

60V 

80V 

. lOOV . . . 

lOOV 

Emitter-Base Voltage, V^gQ 

. .. 5V 

5V 

5V 

5V 

5V 

D.C. Collector Current, 1^ 

2A 

2 A 

2 A 

2A 

2A 

Peak Collector Current, 1^ 

. .. 5A 

5A 

5A 

. ., 5A 

5A 

Base Current, Ig 

lA 

lA 

lA 

lA 

lA 

Power Dissipation 






25°C Ambient 



.85W 



100°C Case 



4W 



Thermal Resistance, Gj q 



25°C/W 



Operating and Storage Temperature Range 



-65°Cto 200°C.... 




MECHANICAL SPECIFICATIONS 


UPT211 UPT212 UPT213 UPT214 UPT215 




INCHES 

MILLIMETERS 

A 

335- 370 

8 51-9 40 

B 

305- 335 

7 75-8 51 

C 

240- 260 

6 09-6 60 

D 

1 5 MIN 

38 10 MIN 

E 

010-030 

0 254-0 762 

F 

o 

oo 

oo 

oo 


200 

5 08 

H 

100 

2 54 

J 

03 1± 003 

787± 076 

K 

029- 045 

736-1 14 

L 

100 

2 54 



4-527 


UNITRODE 




UPT211 UPT212 UPT213 UPT214 UPT215 


ELECTRICAL SPECIFICATIONS (at 25°C unless noted) 


Test 

Symbol 

Min. 

Max. 

Units 

Test Conditions 

D.C. Current Gain (Note 1) 

hpE 

30 





Ic = 0.5A, VcE = 5Vdc 

D.C. Current Gain (Note 1) 

hpE 

20 

— 

_ 

Ic = 2A, VcE = 5Vdc 

D.C. Current Gain (Note 1) 

hfE 

10 Typ. 

_ 

Ic = 5A, VcE = 5Vdc 

Collector Saturation Voltage (Note 1) 

VcE (sat) 

_ 

1.0 

Vdc 

Ic = 2A, Ib = 0.2A 

Base Saturation Voltage (Note 1) 

< 

I 

— 

1.2 

Vdc 

Ic = 2A, Ib = 0.2A 

Collector-Emitter Breakdown Voltage 
(Note 1) 

^^CER 



Vdc 

Ic =: lOmAdc; Rbe = lOOn 

UPT211 


60 





UPT212 


80 

— 



UPT213 


100 





UPT214 


120 

— 



UPT215 


150 

— 



Collector-Emitter Breakdown Voltage 
(Note 1) 

UPT211 

BVceo 

40 


Vdc 

Ic = lOmAdc 

UPT212 


60 

— 



UPT213 


80 

— 



UPT214-5 


100 

— 



Collector-Emitter Cutoff Current 

IcER 

— 

10 

/iAdc 

VcE = rated BVceo» Rbe = 

Collector-Emitter Cutoff Current, 150°C 

*CER 

— 

1.0 

mAdc 

VcE = rated BVc^q* Rbe = T = 150° C 

Emitter-Base Cutoff Current 

*EBO 

— 

50 

/iAdc 

Veb = 5Vdc 

Output Capacitance 

^ob 

— 

40 

pf 

VcB = lOVdc, Ie = 0, f =z IMHz 

Gain-Bandwidth Product 

fr 

70 Typ. 

MHz 

Ic = O.lAdc, VcE = 5Vdc, f = lOMHz 

o •. u • o j Turn-on Time 

Switching Speeds 

Turn-off Time 

ton 

^off 

130 Typ. 

300 Typ. 

ns 

ns 

o 

II 


Note; 1. Pulse width = 300 /iS; duty cycle <2%. 


Maximum Safe Operating Area 
UPT211-215 



V, E — COLLECTOR - EMITTER VOLTAGE (V) 


O.C. Current Gain vs. Collector Current 



1^— COLLECTOR CURRENT (A) 


Switching Speed Circuit 


+60V 
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POWER TRANSISTORS 

2 Amp, 400V, Planar NPN 


UPT311 UPT321 
UPT312 UPT322 
UPT313 UPT323 
UPT314 UPT324 
UPT315 UPT325 


FEATURES 

• Collector-Base Voltage: up to 400V 

• Peak Collector Current: 3A 

• Turn-on Time; 200 ns 

• Turn-off Time: 800 ns 


DESCRIPTION 

Unitrode high voltage transistors provide 
a unique combination of low saturation 
voltage, fast switching, and excellent gain. 
They are ideally suited for off-line power 
supply designs and other applications 
where the increased voltage rating adds 
to system reliability. 


ABSOLUTE MAXIMUM RATINGS 

UPT311 

UPT321 

Collector-Base Voltage, V^bo 200V. . 

Collector-Emitter Voltage, Vceo 150V ,. 

Emitter-Base Voltage, V^bq 5V.. 

D.C. Collector Current, 1^ 2A. 

Peak Collector Current, Iq 3A., 

Base Current, . .. lA 

Power Dissipation 

25°C Ambient 

100°C Case ... 

Thermal Resistance, ej_c 

Operating and Storage Temperature Range 


UPT312 

UPT313 

UPT314 

UPT315 

UPT322 

UPT323 

UPT324 

UPT325 

250V 

300V 

. . 350V ... 

400V 

200V 

250V 

. . 300V 

300V 

... 5V 

5V 

5V .... 

5V 

. . 2A 

. . 2A 

2A ... 

2A 

.. 3A 

3A 

3A 

3A 

lA 

lA 

... lA 

lA 


UPT311-315 


UPT321-325 


iw... 


2W.. . 


low 


..16W 


.. 10°C/W . . 


... 6.7°C/W 


-65°C to 200“C 


-65°C to 200°C 



MECHANICAL SPECIFICATIONS 


UPT311 UPT312 UPT313 UPT314 UPT315 



- c - 

^ D H 



-E ' 

1 ^ 

” 


B 



L-l 





COLLECTOR 



INCHES 

MILLIMETERS 


335- 370 

8 51-9 40 

B 

305- 335 

7 75-8 51 

C 

240- 260 

6 09-6 60 

D 

1 5 MIN. 

38.10 MIN 

E 

010- 030 

0 254-0 762 

F 

88 

43? ± 051 

432 ± 025 

~G~ 

200 

5 08 

H 

100 

2 54 

J 

03 1± 003 

787± 076 

K 

029- 045 

736-1 14 

L 

100 

2 54 



T 


i 



UPT321 UPT322 UPT323 UPT324 UPT325 




INCHES 

MILLIMETERS 

A 

620 MAX. 

15 75 MAX. 

B 

.050 - .075 

1.27 - 1.90 

c 

.250 - .340 

6.35 - 8.63 

D 

.360 MIN 

9.14 MIN. 

E 

.028 - 034 DIA 

.711 - .863 

F 

.958 - .962 

24.33 - 24.43 

G 

570 - .590 

14.47 - 14.98 

H 

145 MAX RAD. 

3.68 MAX. RAD. 

J 

142 - .152 DIA. 

3.60 - 3.86 DIA. 

K 

.350 MAX. RAD 

8 89 MAX. RAD. 

L 

.190 - 210 

4.82 - 5.33 

M 

093 - 107 

2.36 - 2.72 



4-529 


UNITRODE 




ELECTRICAL SPECIFICATIONS (at 25°C unless noted) 


Test 


Symbol 


D.C. Current Gain (Note 1) 

D.C. Current Gain (Note 1) 

D.C. Current Gain (Note 1) 

Collector Saturation Voltage (Note 1) 



VcE (sat) 


Base Saturation Voltage (Note 1) 

Collector-Emitter Breakdown Voltage 
(Note 1) 

UPT311, UPT321 
UPT312, UPT322 
UPT313, UPT323 
UPT314, UPT324 

UPT315, UPT325 

Collector-Emitter Breakdown Voltage 
(Note 1) 

UPT311, UPT321 
UPT312, UPT322 
UPT313, UPT323 

UPT314-5, UPT324-5 

Collector-Emitter Cutoff Current 


Vbe (sat; 
BVcer 


BVceo 


*CER 


Collector-Emitter Cutoff Current, ISO^C Icer 

Emitter-Base Cutoff Current l^go 


Output Capacitance 
Gain-Bandwidth Product 


Switching Speeds 


Turn-on Time 
Turn-off Time 


Bpb 


UPT3n UPT312 UPT313 UPT314 UPT315 
UPT321 UPT322 UPT323 UPT324 UPT325 


Min. 

Max. 

Units 

Test Conditions 

30 

_ 

— 

Ic = 0.5A, VcE = 5Vdc 

10 

— 

— 

Ic = 2A, VcE = 5Vdc 

10 Typ. 

— 

Ic = 3A, VcE = 5Vdc 

— 

1.0 

Vdc 

Ic = 2A, Ig = 0.4A 

— 

1.5 

Vdc 

Ic = 2A, Ig = 0.4A 



Vdc 

Ic = lOmAdc; RgE = lOOn 

200 





250 

— 



300 

— 



350 

— 



400 

— 





Vdc 

Ic = lOmAdc 

150 





200 




250 

— 



300 

— 



— 

10 

^Adc 

VcE = rated BVceo» Rbe = 100^ 

— 

1.0 

mAdc 

VcE = rated BVceq. Rbe = T = 150°C 

— 

50 

/xAdc 

V^g =r 5Vdc 

— 

50 

pf 

VcB = 10Vdc, lE = 0,f = lMHz 

40 Typ. 

MHz 

Ic = 0.5Adc, VcE 5Vdc, f = lOMHz 


ns 

lc = lA 


ns 



ximum Safe Operating Area 
UPT321-325 



D.C. Current Gain vs. Collector Current 



.03 .05 .1 .2 .5 1 2 3 

Ic — COLLECTOR CURRENT (A) 


bitching Speed Circuit 


-flOOV 
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POWER TRANSISTORS 

3 Amp, 400V, Planar NPN 


UPT521 

UPT522 

UPT523 

UPT524 

UPT525 


FEATURES 

• Collector-Base Voltage: up to 400V 

• Peak Collector Current: 5A 

• Turn-on Time: 200ns 

• Turn-off Time: 900ns 


DESCRIPTION 

Unitrode high voltage transistors provide 
a unique combination of low saturation 
voltage, fast switching, and excellent gain. 
They are ideally suited for off-line power 
supply designs and other applications 
where the increased voltage rating adds 
to system reliability. 


ABSOLUTE MAXIMUM RATINGS 



UPT521 

UPT522 

UPT523 

UPT524 

UPT525 

Collector-Base Voltage, 

200V 

.... 250V 

300V 

350V 

400V 

Collector-Emitter Voltage, V^eq 

150V 

200V 

250V 

300V 

300V 

Emitter-Base Voltage, V^gQ 

5V 

5V 

5V 

5V 

5V 

D.C. Collector Current, l^ 

3A 

3A 

3A 

3A 

3A 

Peak Collector Current. U 

5A 

5A 

5A 

5A 

5A 


Base Current, Ig 2A 2A 2A 2A 2A 


Power Dissipation 


25°C Ambient 

2W 

100 °C Case 

25W.. 

Thermal Resistance, 0j_c 

4°C/W 

Operating and Storage Temperature Range 

-65°C to 200°C 


MECHANICAL SPECIFICATIONS 


UPT521 UPT522 UPT523 UPT524 UPT525 





INCHES 

MILLIMETERS 

A 

.620 MAX. 

15 75 MAX. 

B 

050 - .075 

1 27 - 1 90 

C 

250 - .340 

6.35 - 8.63 

D 

360 MIN. 

9.14 MIN. 

E 

.028 - 034 DIA. 

.711 - .863 

F 

958 - .962 

24.33 - 24.43 

G 

.570 - 590 

14.47 - 14.98 

H 

145 MAX. RAD. 

3.68 MAX. RAD. 

J 

.142 - .152 DIA. 

3.60 - 3.86 DIA. 

K 

350 MAX. RAD. 

8.89 MAX. RAD. 

L 

190 - .210 

4.82 - 5 33 

M 

.093 - 107 

2.36 - 2.72 



4-531 


UNITRODE 





UPT521 UPT522 UPT523 UPT524 UPT525 


ELECTRICAL SPECIFICATIONS (at 25°C unless noted) 


Test 

Symbol 

Min. 

Max. 

Units 

Test Conditions 

D.C. Current Gain (Note 1) 

hpE 

25 



— 

Ic = l.OA, V^E = 5Vdc 

D.C. Current Gain (Note 1) 

hpE 

10 

— 

— 

Ic = 3A, VcE = 5Vdc 

D.C. Current Gain (Note 1) 

hpE 

lOTyp. 

— 

Ic = 5A, VcE = 5Vdc 

Collector Saturation Voltage (Note 1) 

VcE (sat) 

— 

^05 

Vdc 

Ic = 3A, Ib = 0.6A 

Base Saturation Voltage (Note 1) 

Vbe (sat) 

— 

1.5 

Vdc 

Ic = 3A, Ib = 0.6A 

Collector-Emitter Breakdown Voltage 
(Note 1) 

BVcer 



Vdc 

Ic = lOmAc'l; Rbe = 100S2 

UPT521 


200 





UPT522 


250 

— 



UPT523 


300 

— 



UPT524 


350 





UPT525 


400 

— 



Collector-Emitter Breakdown Voltage 
(Note 1) 

BVceo 



Vdc 

Ic = lOmAdc 

UPT521 


150 

— 



UPT522 


200 





UPT523 


250 

— 



UPT524-5 


300 

— 



Collector-Emitter Cutoff Current 

IcER 

— 

10 

jxMc 

VcE =: rated BVceo» Rbe = 

Collector-Emitter Cutoff Current, 150°C 

^CER 

— 

1.0 

mAdc 

VcE = rated BVceo» Rbe = T = 150'’C 

Emitter-Base Cutoff Current 

^EBO 

__ 

50 

/iAdc 

V^B = 5Vdc 

Output Capacitance 

^ob 

i 

120 

pf 

VcB = 10Vdc, lE = 0,f = lMHz 

Gain-Bandwidth Product 

fi 

30 Typ. 

MHz 

Ic = 0.5Adc, VcE = 5Vdc, f = lOMHz 

« „ , Turn-on Time 

Switching Speeds ^ 

Turn-off Time 

ton 

toff 

200 Typ. 

900 Typ. 

ns 

ns 

Ic = 3A 


Note: 1. Pulse width = 300 ms; duty cycle ^2%. 


Maximum Safe Operating Area 


O.C. Current Gain v$. Collector Current 



1 2 5 10 20 50 100 200 300 



.05 .1 ,2 .5 12 5 


VcE — COLLECTOR — EMITTER VOLTAGE (V) 


Ic — COLLECTOR CURRENT (A) 


Switching Speed Circuit 


4-lOOV 
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POWER TRANSISTORS 

5 Amp, 150V, Planar NPN 


UPT611 

UPT612 

UPT613 

UPT614 

UPT615 


FEATURES 

• Collector-Base Voltage: up to 150V 

• Peak Collector Current: lOA 

• Turn-on Time; 250ns 

• Turn-off Time: 550ns 


DESCRIPTION 

Unitrode power transistors provide a 
unique combination of low saturation 
voltage, high gain and fast switching. They 
are ideaily suited for power supply, pulse 
amplifier and similar high efficiency power 
switching applications. 



ABSOLUTE MAXIMUM RATINGS 


Collector-Base Voltage, V^bo 

Collector-Emitter Voltage, V^^q 

Emitter-Base Voltage, V^gQ 

D.C. Collector Current, 1^ 

Peak Collector Current, 1^ 

Base Current, Ig 

Power Dissipation 


25°C Ambient ... 
100°C Case . . . 

Thermal Resistance, ej_c 

Operating and Storage Temperature Range 


UPT611 

UPT612 

UPTS13 

UPT614 

UPTB15 

60V.. . . 

80V 

lOOV 

120V 

150V 

, 40V 

60V 

80V 

lOOV . 

lOOV 

. . 5V 

5V 

5V 

5V 

5V 


5A 5A 5A 5A 5A 


... lOA lOA lOA lOA lOA 


... 2A 

2A 

2A 

2A 

2A 


. .. . IW 

.... 5W 

... . 20°C/W 

-65°Cto 200°C... 


MECHANICAL SPECIFICATIONS 

1 UPT611 UPT612 UPT613 UPT614 UPT615 



INCHES 

MILLIMETERS 

A 

.335- 370 

8 51-9.40 

B 

305- .335 

7.75-8 51 

C 

240- 260 

6 09-6 60 

D 

1 5 MIN 

38.10 MIN. 

E 

010- 030 

0 254-0.762 

F 

o 

88 

oo 

~G~ 

200 

5 08 

H 

100 

2 54 

J 

03 1± 003 

787± 076 

K 

029- 045 

736-1 14 

L 

100 

2 54 
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UPT611 UPT612 UPT613 UPT614 UPT615 


ELECTRICAL SPECIFICATIONS (at 25°C unless noted) 


Test 

Symbol 

Min. 

Max. 

Units 

Test Conditions 

D.C. Current Gain (Note 1) 

hpE 

30 

— 

— 

Ic = lA, VcE = 5Vdc 

D.C. Current Gain (Note 1) 

hpE 

15 

— 

— 

Ic = 5A, VcE = 5Vdc 

D.C. Current Gain (Note 1) 

hpE 

12Typ. 

““ 

Ic = lOA, VcE - 5Vdc 

Collector Saturation Voltage (Note 1) 

'^CE (sat) 

— 



Ic = 5A, I3 = 0.5A 

UPT611-3 

— 

1.0 

Vdc 


UPT614-5 


— 

1.5 

Vdc 


Base Saturation Voltage (Note 1) 

^BE (sat) 

— 



1 ^ = 5A, Ib = 0.5A 

Collector-Emitter Breakdown Voltage 
(Note 1) 

^^CER 


1.5 

Vdc 

rr lOmAdC; Rbe = lOOn 

UPT611 


60 



Vdc 


UPT612 


80 

— 



UPT613 


100 

— 



UPT614 


120 

— 



UPT615 


150 

_ 



Collector-Emitter Breakdown Voltage 
(Note 1) 

CD 

< 

o 

o 



Vdc 

\q = lOmAdc 

UPT611 


40 

— 



UPT612 


60 

— 



UPT613 


80 

— 



UPT614-5 


100 

— 



Collector-Emitter Cutoff Current 

*CER 

— 

10 

fiMc 

VcE = rated BV^^o* ^be = 

Collector-Emitter Cutoff Current, 150°C 

*CER 

— 

1.0 

mAdc 

VcE = rated BVceq. Rbe = T = 150°C 

Emitter-Base Cutoff Current 

Ubo 

— 

50 

fiMc 

Veb = 5Vdc 

Output Capacitance 

Cob 

— 

120 

Pf 

VcB = 10Vdc, Ig^iO.f-lMHz 

Gain-Bandwidth Product 

fi 

40 Typ. 

MHz 

Ic = 0.5Adc, VcE = 5Vdc, f = lOMHz 

^ « . Turn-on Time 

to. 

250 Tvd. 

ns 

II 

> 

Switching Speeds ^ 





Turn-off Time 

^Off 

500 Typ. 

ns 



Note; 1. Pulse width = 300 /xs; duty cycle ^2%. 


Maximum Safe Operating Area 


D.C. Current Gain vs. Collector Current 



1 2 5 10 20 50 100 


VcE — COLLECTOR — EMITTER VOLTAGE (V) 



.1 .2 .5 12 5 10 

— COLLECTOR CURRENT (A) 


Switching Speed Circuit 


+ 60V 
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POWER TRANSISTORS 

5 Amp, 400V, Planar NPN 


UPT721 

UPT722 

UPT723 

UPT724 

UPT725 


FEATURES 

• Collector-Base Voltage: up to 400V 

• Peak Collector Current: lOA 

• Turn-on Time.- 250ns 

• Turn-off Time: 800ns 


DESCRIPTION 

Unitrode high voltage transistors provide 
a unique combination of low saturation 
voltage, fast switching, and excellent gain. 
They are ideally suited for off-line power 
supply designs and other applications 
where the increased voltage rating adds 
to system reliability. 



ABSOLUTE MAXIMUM RATINGS 


Collector-Base Voltage, V^bo 
C ollector-Emitter Voltage, V^^q 
E mitter-Base Voltage, V^bq 
D.C. Collector Current, 1^ 

Peak Collector Current, 1^ . . 
Base Current, Ig 


Power Dissipation 

25°C Ambient . . . 
100° C Case 

Thermal Resistance, ej_c 

Operating and Storage Temperature Range 


UPT721 UPT722 UPT723 UPT724 UPT725 

200V 250V. . . 300V 350V 400V 

150V 200V 250V 300V 300V 

5V 5V 5V 5V 5V 

. . 5A 5A 5A 5A 5A 

. lOA lOA . lOA lOA lOA 

... . 3A ... . . . 3A 3A 3A 3A 


2W 

25W 

. 4°C/W 

-65°C to 200°C 


MECHANICAL SPECIFICATIONS 


UPT721 UPT722 UPT723 UPT724 UPT725 





INCHES 

MILLIMETERS 

A 

.620 MAX. 

15.75 MAX 

B 

050 - 075 

1 27 - 1 90 

C 

250 - 340 

6 35 - 8.63 

D 

360 MIN 

9.14 MIN 

E 

028 - .034 DIA 

.711 - .863 

F 

958 - .962 

24 33 - 24 43 

G 

570 - 590 

14 47 - 14 98 

H 

145 MAX. RAD. 

3 68 MAX RAD. 

J 

142 - 152 DIA 

3.60 - 3 86 DIA 

K 

350 MAX RAD. 

8 89 MAX. RAD 

L 

190- 210 

4.82 - 5.33 

M 

093 - 107 

2 36 - 2.72 
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UPT721 UPT722 UPT723 UPT724 UPT725 


ELECTRICAL SPECIFICATIONS (at 25°C unless noted) 


Test 

Symbol 

Min. 

Max. 

Units 

Test Conditions 

D.C. Current Gain (Note 1) 

hpE 

25 

— 

— 

Ic = lA, VcE = 5Vdc 

D.C. Current Gain (Note 1) 

hpE 

10 

— 

— 

Ic = 5A, VcE = 5Vdc 

D.C. Current Gain (Note 1) 

hfE 

5Typ. 

— 

Ic = lOA, VcE = 5Vdc 

Collector Saturation Voltage (Note 1) 

^CE (sat) 

— 

1.0 

Vdc 

Ic = 5A, \, = l/K 

Base Saturation Voltage (Note 1) 

'^BE (sat) 

— 

1.8 

Vdc 

Ic = 5A, Ib = lA 

Collector-Emitter Breakdown Voltage 
(Note 1) 

UPT721 

BVcer 

200 


Vdc 

!c = lOmAdc; Rbe = lOOfi 

UPT722 


250 

— 



UPT723 


300 

— 



UPT724 


350 

— 



UPT725 


400 

— 



Collector-Emitter Breakdown Voltage 
(Note 1) 

UPT721 

BVceo 

150 


Vdc 

Ic = lOmAdc 

UPT722 


200 

— 



UPT723 


250 

— 



UPT724-5 


300 

— 



Collector-Emitter Cutoff Current 

^CER 

__ 

10 

/iAdc 

VcE = rated BVceo* ^^be = 

Collector-Emitter Cutoff Current, 150°C 

*CER 

— 

1.0 

mAdc 

VcE = rated BVceo* ^be = 100^* T = 150°C 

Emitter-Base Cutoff Current 

*EBO 

— 

50 

/:AdC 

Vbb = 5Vdc 

Output Capacitance 

^ob 

— 

120 

pt 

VcB = lOVdc, Ig = 0, f = IMHz 

Gain-Bandwidth Product 

fi 

30Typ. 

MHz 

Ic = 0.5Adc, Vce = 5Vdc, f =: lOMHz 

_ . - . Turn-on Time 

Switching Speeds _ 

Turn-off Time 

ton 

toff 

250 Typ. 

800 Typ. 

ns 

ns 

o 

II 


Note: 1. Pulse width = 300 /is-, duty cycle ^2%. 


Maximum Safe Operating Area 


D.C. Current Gain vs. Collector Current 



— COLLECTOR -EMITTER VOLTAGE (V) 



5 I I I 1 ^ LI — 

.1 .2 .5 12 5 10 


Ic — COLLECTOR CURRENT (A) 


Switching Speed Circuit 


+100V 
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POWER TRANSISTORS 

0.5 Amp, 300V, Planar NPN, Plastic 


UPTA510 

UPTA520 

UPTA530 


FEATURES 

• Designed for High Speed Switching Applications 

• Collector-Emitter Voltage: up to 300V 

• Peak Collector Current: lA 

• Economical Plastic Molded Construction 


DESCRIPTION 

Unitrode high voltage transistors provide 
a unique combination of low saturation 
voltage, fast switching, and excellent gain. 
They are ideally suited for off-line power 
supply designs and other applications 
where the increased voltage rating adds 
to system reliability. 


ABSOLUTE MAXIMUM RATINGS 

Collector-Base Voltage, V^bq 

Collector-Emitter Voltage, V^eq 

Emitter-Base Voltage, V^gQ 

D.C. Collector Current, 1^ 

Peak Collector Current, 1^ 

Base Current, Ig 

Power Dissipation 

25°C Case .... 
25°C Ambient 

Thermal Resistance, ej_c 

Thermal Resistance, 0j_^ 

Storage Temperature Range .... 
Maximum Junction Temperature .. 


UPTA510 

UPTA520 

UPTA530 

150V 

250V 

350V 

. , lOOV 

200V 

300V 

5V 

5V 

5V 

5A 

5A 

5A 

lA 

lA 

lA 

5A 

5A 

5A 


2.4W 

750mW 

62.5°C/W 

200°C/W 

~55°Cto +150° C 
+175°C 


MECHANICAL SPECIFICATIONS 

I UPTA510 UPTA520 OPTA530 I I TO-92 



3/78 
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UPTA510 UPTA520 UPTA530 

ELECTRICAL SPECIFICATIONS (at 25°C unless noted) 


Test 

Symbol 

Min. 

Max. 

Units 

Test Conditions 

D.C. Current Gain (Note 1) 

hpE 

20 





Ic = .lA, VcE = 5Vdc 

D.C. Current Gain (Note 1) 

hpE 

8 

— 

— 

Ic = .5A, VcE = 5Vdc 

D.C. Current Gain (Note 1) 

hpE 

5Typ. 

— 

Ic = lA, VcE = 5Vdc 

Collector Saturation Voltage (Note 1) 

VcE (sat) 

— 

1.0 

Vdc 

Ic = .5A, Ib = .lA 


VcE (sat) 


.5 

Vdc 

Ic = .2A, Ig = .02A 

Base Saturation Voltage (Note 1) 

VBE(sat) 

— 

1.5 

Vdc 

Ic = .5A, Ib = .lA 

Collector-Base Breakdown Voltage 

BVcbo 



Vdc 

Ic = 10/iAdc 

(Note 1) 






UPTA510 


150 





UPTA520 


250 





UPTA530 


350 

— 



Collector-Emitter Breakdown Voltage 

BVceo 



Vdc 

Ic = lOmAdc 

(Note 1) 






UPTA510 


100 

— 



UPTA520 


200 

— 



UPTA530 


300 

— 



Collector-Emitter Cutoff Current 

^CES 

_ 

10 

juAdc 

VcE == rated BVceo» ^be — ^ 

Collector-Emitter Cutoff Current 

^CES 

— 

1 

mAdc 

VcE = rated BVceq, T = 125°C, V,, = 0 

Emitter-Base Cutoff Current 

^EBO 

— 

50 

/lAdc 

Veb = 5Vdc 

Output Capacitance 

^ob 

— 

50 

pf 

VcB = 10Vdc, lE = 0,f = lMHz 

Gain-Bandwidth Product 

fr 

15 

— 

MHz 

Ic = lAdc, VcE = 5Vdc, f = lOMHz 

Rise Time 

I' 

100 Typ. 

ns 

Ic = .5A 

Delay Time 


50 Typ. 

ns 


Storage Time 

t. 

500 Typ. 

ns 


Fall Time 

t, 

200 Typ. 

ns 



Note: 1. Pulse width = 300//s: duty cycle < 2%. 

Note: 2. For thermal considerations for operating UPTA510, UPTA520 and UPTA530, refer to Application Note U-77. 


D.C. Current Gain vs. Collector Current 



.01 .02 .05 .1 .2 .5 1.0 


Ic— COLLECTOR CURRENT (A) 



.01 .02 .05 .1 .2 .5 1 , 

COLLECTOR CURRENT (A) 


Switching Speed Circuit 


+200V * 
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POWER TRANSISTORS 

0.1 Amp, 500V, Planar NPN, Plastic 


UPTB520 

UPTB530 

UPTB540 

UPTB550 


FEATURES 

• Designed for High Speed Switching Applications 

• Collector-Emitter Voltage: up to 500V 

• Peak Collector Current: to .2A 

• Economical Plastic Molded Construction 


DESCRIPTION 

Unitrode high voltage power transistors 
provide a unique combination of low 
saturation voltage, high gain and fast 
switching. They are ideally suited for 
pulse power applications in power 
supplies, thermal printers, solid state 
relays and pulse amplifiers. 



ABSOLUTE MAXIMUM RATINGS 


Collector-Base Voltage, 
Collector-Emitter Voltage, V^eq 
E mitter-Base Voltage, V^bq 
D.C. Collector Current, 1^ 

Peak Collector Current, 1^ 

Base Current, Ig 


Power Dissipation 

25°C Case .... 
25°C Ambient 

Thermal Resistance, 

Thermal Resistance, 0j_^ 

Storage Temperature Range 

Maximum Junction Temperature . 


IPTB520 

UPTB530 

UPTB540 

UPTB5S0 

250V 

350V . 

, . .. 450V 

.. . . 550V 

200V 

300V 

400V 

500V 

5V. 

. . 5V 

.. . 5V 

5V 

•lA.. 

.lA 

. . . .lA 

lA 

.2A 

.2A 

.2A 

2A 

.lA 

.lA 

. . .lA 

lA 


2.4W 

750mW 

62.5°C/W 

200°C/W 

-55°Cto-fl50°C 
-fl75°C 


MECHANICAL SPECIFICATIONS 



D 

1 


u 

PTB520 

UPTB530 UPTB540 UPTB550 

j 


INCHES 

MILLIMETERS 


— 


i 

T~ 


1 

A 


t 

1 

E 

1 


TJ. 

"b~ 

.170 - .210 

4.31 - 5.33 




c 

.500 MIN. 

12 70 MIN. 





^EO— 


T“ 

175 - 205 

4.44 - 5 21 








F 

125- 165 

3 17-4.19 



D ‘ 

• 4 — C » 


^1 

G 

G 

080 - .105 

2.03 - 2.66 







H 

095 - 105 

2 41 -2.66 





F * 


J 

045 - 055 

1 14 - 1 40 
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4-539 


UNITRODE 






UPTB520 UPTB530 UPTB540 UPTB550 


ELECTRICAL SPECIFICATIONS (at 25°C unless noted) 


Test 

Symbol 

Min. 

Max. 

Units 

Test Conditions 

D.C. Current Gain (Note 1) 

hpE 

20 

— 

_ 

Ic == 25mA, VcE = 5Vdc 

D.C. Current Gain (Note 1) 

^FE 

5 

— 

— 

Ic = 100mA, VcE = 5Vdc 

Collector Saturation Voltage (Note 1) 

VcE (sat) 

— 

1.2 

Vdc 

1(3 = 50mA, Ib = 10mA 


VcE(sat) 


1.0 

Vdc 

Ic = 20mA, Ib = 2mA 

Base Saturation Voltage (Note 1) 

Vbe (sat) 

— 

i.5 

Vdc 

Iq = 50mA, Ib = 10mA 

Collector-Base Breakdown Voltage 

®^CBO 



Vdc 

Ic = 10/tAdc 

(Note 1) 






UPTB520 


250 

— 



UPTB530 


350 

— 



UPTB540 


450 

__ 



UPTB550 


550 

— 



Collector-Emitter Breakdown Voltage 

BVceo 



Vdc 

Ic = ImAdc 

(Note 1) 






UPTB520 


200 

— 



UPTB530 


300 

— 



UPTB540 


400 





UPTB550 


500 

__ 



Collector-Emitter Cutoff Current 

^CES 



10 

/xAdc 

VcE — BVceo» ^be — ® 

Collector-Emitter Cutoff Current 

*CES 

— 

1 

rnAdc 

VcE crated BVceq, T = 125»C, Vbe = 0 

Emitter-Base Cutoff Current 

^EBO 

— 

50 

fiMc 

Vbb = 5Vdc 

Output Capacitance 

^ob 

— 

50 

Pf 

VcB = lOVdc, Ie O, f = IMHz 

Gain-Bandwidth Product 

fr 

15 

— 

MHz 

Ic = lAdc, VcE = 5Vdc, f = lOMHz 

Rise Time 

t. 

100 Typ. 

ns 

Ic = lOOmA 

Delay Time 

td 

50 Typ. 

ns 


Storage Time 

tj 

200 Typ. 

ns 


Fall Time 

tf 

1000 Typ. 

ns 



Note: 1. Pulse width = 300//s; duty cycle < 2%. 

Note: 2. For thermal considerations for operating UPTB520, UPTB530, UPTB540 and UPTB550, refer to Application Note U-77. 



.001 .005 .01 .02 .05 .1 .2 

Ic — D.C. COLLECTOR CURRENT (A) 


Switching Speeds 






Vcc 

iJIb 

= lOOV 
= 10 












c 







\ 

















.001 .002 .005 .01 .02 .05 .1 

COLLECTOR CURRENT (A) 


Switching Speed Circuit 


+200V 
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5-1 




5-2 



POWER HYBRIDS & MODULES 


PRODUCT SELECTION GUIDE 







Fall Time 

On-State 



Output 

Input/Output 


Volt. 

Cur. 

Voltage 


Type 

Current, Pk. 

Voltage 

Polarity 

(ns) 

(ns) 

(V) @ (A) 

Pkg. 

Piceoo 


60 

Pos. 





PiCSOl 


80 

Pos. 




4 PIN 

PfC602 

5A 

100 

Pos. 

75 

150 

1.5 @ 2 

TO-66 

piceio 


60 

Neg. 



(Isolated) 

PIC6U 


80 

Neg. 





PIC612 


100 

Neg. 





PIC660 


60 

Pos. 





PIC661 


80 

Pos. 

150 

250 


4 PIN 

PIC662 

lOA 

100 

Pos. 



1.5 @ 5 

TO-66 

PIC670 


60 

Neg. 




(Isolated) 

PIC671 


80 

Neg. 

250 

250 


PIC672 


100 

Neg. 





PIC625 


60 

Pos. 





PIC626 


80 

Pos. 

175 

300 


4 PIN 

P1C627 

15A 

100 

Pos. 




TO-66 

PIC635 


60 

Neg. 



1.5@7 

(Isolated) 

PIC636 


80 

Neg. 

300 

300 



PIC637 


100 

Neg. 





PIC645 


60 

Pos. 





PIC646 


80 

Pos. 

150 

300 



PIC647 

20A 

100 

Pos. 



1.5@7 

3 PIN 

P^C655 i 


60 

Neg. 




TO-3 

PJC656 


80 

Neg. 

300 

300 



PiC657 


100 

Neg. 





P1C730 
PIC740 1 

30A 

30 

40 

Pos. 

Pos. 

350 

300 

1 @20 

3 PIN 

TO-3 

PiCSOG 

P(C80i 

8A 

350 

400 

Pos. 

200 

200 

1.5@5 

4 PIN 

TO-66 

(Isolated) 

piesio ^ ^ 

pfcsii 

8A 

350 

400 

Neg. 

200 

200 

1.5@5 

4 PIN 

TO-66 

lls^iid) 


Type 

Description 

Key Features 


PIC9D0 B, C, D 

5A: 60V, 80V, lOOV 
H-Bridge Hybrid Circuit 

• Designed and Characterized for Inductive Loads 
as Stepper Motors, DC Motor Drives, 

Full Bridge DC Converters 

• Fast Switching Times with 

Low (5mA) Drive Current 

• Electrically Isolated 18-Pin Dip 
with Integral Heat Spreader 

• Compatible with Automatic Insertion 

18 Pin DIL with 
Integral Heat 
Spreader 
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POWER INTEGRATED CIRCUIT 

Switching Regulator 5 Amp Positive and Negative 
Power Output Stages 


FEATURES 

• Designed and characterized for switching regulator applications 

• Cost saving design reduces size, improves efficiency, reduces noise and RFI (See note 4.) 

• High operating frequency (to > lOOkHz) results In smaller Inductor-capacitor filter 
and improved power supply response time 

• High operating efficiency: Typical 2A circuit performance — 

Rise and Fall time <75ns 
Efficiency >85% 

• No reverse recovery spike generated by commutating diode (See note 4. and Fig. 2.) 

• Electrically isolated, 4-Pin, TO-66 hermetic case 


PIC600 

PIC601 

PIC602 

PIC610 

PIC611 

PIC612 


DESCRIPTION 

The Unitrode ESP Switching Regulator is a unique hybrid 
transistor circuit, specifically designed, constructed and spe- 
cified for use in high current switching regulator applications. 
The designer is thus relieved of one of the most time con- 
suming, tedious and critical aspects of switching regulator 
design: choosing the appropriate switching transistors and 
commutating diode, and empirically determining the optimum 
drive and bias conditions. 

Switching regulators, when compared to conventional regula- 
tors, result in significant reductions in size, weight, and internal 
power losses and a major decrease in overall cost. Using the 
Unitrode PiC600 series, the designer can achieve further 
Improvements in size, weight, efficiency, and costs. At the 
same time, because of the PIC600 series design and packaging, 
the designer is aided in overcoming two of the most significant 


drawbacks to switching regulators: noise generation and slow 
response time; there is, in fact, no diode reverse recovery 
spike (see note 4.). 

The PIC600 series switching regulators are designed and char- 
acterized to be driven with standard integrated circuit voltage 
regulators. They are completely characterized over their entire 
operating range of — 55°C to -|-125°C. The devices are enclosed 
in a special 4-pin TO-66 package, hermetically sealed for high 
reliability. The hybrid circuit construction utilizes thick film 
resistors on a beryllia substrate for maximum thermal con- 
ductivity and resultant low thermal impedance. Ail of the 
active elements in the hybrid are fully passivated. 

Application Notes U-68 and U-76 provide a detailed descrip- 
tion of the hybrid circuit and design guidance for specific 
circuit applications. 


POS. 

INPUT 


PIC600 SCHEMATIC 

PIC601 

j PQ5 fsjEQ 



PIC610 

PIC611 

PIC612 1 NEG. 



MECHANICAL SPECIFICATIONS 


NOTES. 

1. Case is electrically Isolated. 

2. Loads may be soldered to within 
i/ie" of base provided temperature- 
time exposure is less than 260*C 
for 10 seconds. 



PIC601 PIC602 PIC610 PiCBII PIC612 



ins. 

mm 

A 

620 MAX 

15 75 MAX 

B 

050- 075 

1 27-1 91 

C 

028- 034 

0 71-0 86 

0 

958- 962 

24 33-24 43 

E 

190- 210 

4 83-5 33 

F 

190- 210 

4 83-5 33 

G 

350 MAX RAD 

8 89 MAX RAO 

H 

570- 590 

14 48 14 99 


142- 152 DIA 

3 61 -3 86 DIA 

K 

360 MIN 

9 14 MIN 

L 

250- 340 

6 35-8 64 
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PIC600 PIC601 PIC602 PIC610 PIC611 PIC612 


ABSOLUTE MAXIMUM RATINGS 



PIC600 

PIC601 

PiC 602 

Piceio 

PiC 611 

PIC6I2 

Input Voltage, V 4 2 

60V 

80V 

lOOV 

-60V 

-80V 

-lOOV 

Output Voltage, V, 2 

60V 

80V 

lOOV 

-60V 

-80V 

-lOOV 

Drive-Input Reverse Voltage, V 3 4 

5V 

5V. 

5V 

-5V 

-5V 

-5V 

Output Current, 1, 

5A 

5A 

5A 

-5A 

-5A 

-5A 

Drive Current, 1, 

-0.2A 

-0.2A 

-0.2A 

0.2A 

0.2A 

0.2A 


Thermal Resistance 
Junction to Case, 

Power Switch 
Commutating Diode 
Case to Ambient, 0 r 
Operating Temperature Range, T^ 
Maximum Junction Temperature, Tj 
Storage Temperature Range 


4.0°C/W 
4.0°C/W 
60.0°C/W 
— 55°Cto +125'’C 
-|-150°C . . . 
— 65°C to +150“C 


ELECTRICAL SPECIFICATIONS (at 25°C unless noted) 


Test 

Symbol 

PIC6 

Min. 

00 , 601 
Typ. 

, 602 
Max. 

PIC( 

Min. 

>10, 611 
Typ. 

612 

Max. 

Units 

Conditions 

Current Delay Time 

tdi 

— 

20 

40 

— 

20 

40 

ns 

rr 25V(— 25V) 

Current Rise Time 

tpi 

— 

50 

75 

— 

50 

75 

ns 

V,,, = 5V(-5V) 

Voltage Rise Time 

tpv 

— 

30 

50 

— 

30 

50 

ns 

< 

I 
< 
CN 

II 

0 

Voltage Storage Time 

tsv 

— 

450 

— 

— 

450 

— 

ns 

I3 - _20mA(20mA) NOTE 5 

Voltage Fall Time 

tfv 

— 

50 

75 

— 

50 

75 

ns 

See Figure 2. 

Current Fall Time 

tfi 

— 

70 

150 

— 

70 

150 

ns 

See notes 1., 2., 4. 

Efficiency (Notes 2. & 4.) 

V 

— 

85 

— 

— 

85 

— 

% 


On-State Voltage (Note 3.) 

V 

*4-1 (on) 

— 

1.0 

1.5 


- 1.0 

-1.5 

V 

I 4 2A{— 2A), I 3 = — .02A(.02A) NOTE 5 

On-State Voltage (Note 3.) 

v 

4- 1 (on) 

— 

2.5 

3.5 

— 

-2.5 

-3.5 1 

V 

- 5A(— 5A), I 3 = — .02A(.02A) NOTE 5 

Diode Forward Voltage (Note 3.) 

^ 2-1 (on) 

— 

.8 

1.0 

— 

-.8 

- 1.0 1 

V 

I 2 = 2A{-2A) 

Diode Forward Voltage (Note 3.) 

^2-1 (on) 

— 

1.0 

1.5 

— 

-1.0 

-1.5 

V 

(2 rz 5A(— 5A) 

Off-State Current 


— 

0.1 

10 

— 

-0.1 

-10 

aA 

V 4 = Rated input voltage 

Off-State Current 

I 4 -, 

— 

10 

— 

— 

-10 

— 

aA 

V 4 = Rated Input voltage, T^ = 100°C 

Diode Reverse Current 

1,-2 

— 

1.0 

10 

— 

-1.0 

-10 

aA 

V| = Rated output voltage 

Diode Reverse Current 

1,-2 

- 

500 

- 

- 

500 

- 

aA 

V| = Rated output voltage, T^ = 100°C 


NOTES: 

1. In switching an inductive load, the current will lead the voltage on turn on and lag the voltage on turn-off (see Figure 2.). Therefore, Voltage Delay 
Time (tov) — tdi + tn and Current Storage Time (tsi) = tsv + tfv. 

2. The efficiency is a measure of internal power losses and is equal to Output Power divided by Input Power. The switching speed circuit of Figure 1., in 
which the efficiency is measured, is representative of typical operating conditions for the PIC600 switching regulators. 

3. Pulse test: Duration = SOO/js, Duty Cycle < 2%. 

4. As can be seen from the switching waveforms shown in Figure 2., no reverse of forward recovery spike is generated by the commutating diode during 
switching! This reduces self-generated noise, since no current spike is fed through the switching regulator. It also improves efficiency and reliabilty, 
since the power switch only carries current during turn-on. 

5. To insure safe operation I3 should be >|20mAl during Ton. Operation at I3 <|20mAl can permanently damage device. 

POWER DISSIPATION CONSIDERATIONS 

The total power losses in the switching regulator is the sum of the switching losses, and the power switch and diode D.C. losses. Once total power dissipation has 
been determined, the Power Dissipation curve, or thermal resistance data may be used to determine the allowable case or ambient temperature for any 
operating condition. 

The switching losses curve presents data for a frequency of 20KHz. To find losses at any other frequency, multiply by f/20KHz. 

The D.C. losses curve presents data for a duty cycle of .2. To find D.C. losses at any other duty cycle, multiply by D/.2 for the power switch and by (1 -D)/.8 for the 
diode. 

At frequencies much below lOKHz the above method for determining the allowable case or ambient temperature becomes invalid and a detailed transient 
thermal analysis must be performed. Please see Design Note 6 (DN-6) for further Information. 
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SWITCHING LOSSES (W) / D.C. LOSSES (W) — AVERAGE POWER DISSIPATION (W) 


P1C600 PIC601 PIC602 PIC610 PIC611 PIC612 


Power Dissipation 

40 

35 

30 

25 

20 

15 

10 

5 
0 

-50 -25 0 25 50 75 100 125 150 

T^ — CASE TEMPERATURE (°C) 
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Efficiency 
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Figure 1. 

V,n = 25V 

= V,„ X (Duty Cycle) 

I 3 = 20mA 

T^ = 25X 

1 1 LA 1 1 







i 




.5 .6 .7 .8 .9 1 2 3 4 5 

I, — OUTPUT CURRENT (A) 


Diode D.C. Losses 



Power Switch Duty Cycle =r 0.2 

- Diode Duty Cycle — 0.8 
T^ = 25°C 

- To obtain diode losses at any 
other duty cycle, multiply by 

■ (l-D )/.8 where D : Power Switch “ 
Duty Cycle. 


.6 .7 .8.9 1 2 3 

I, — OUTPUT CURRENT (A) 


Power Switch D.C. Losses 


1 1 J 1 1 1 

Duty Cycle - .2, I 3 - 20rr 
■ T^ = 25°C 

To obtain the Power Switc 
_ losses at any other duty cj 
multiply by D/.2 where D : 

lA 



h 


kbk 

= Duty 

A 





L 

l_ 

U 




' 



MA 

h 

.XI 

h 

Ml 

UM 









k^YPICAL 
































.5 .6 .7 .8 .9 1 2 3 4 5 

I, — OUTPUT CURRENT (A) 


1 
.5 

.2 
.1 
.05 

.02 
.01 
.005 

.002 
.001 

.5 .6 .7 .8 :9 1 2 3 4 5 

I, — OUTPUT CURRENT (A) 


Switching Losses 



To detfermine switching losses at 
any other frequency, multiply by 
f/20kHz where f is the frequency 
at which the losses are to be^ 
determined. 



Maximum Safe Operating Area 
PIC 600, 601, 602-610, 611, 612 



PIC 600, 610 
PIC 601, 611 
PIC 602, 612 
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PIC600 PIC601 PIC602 PIC610 PIC611 PIC612 



Figure 1. PIC600, 601, 602 Switching Speed Circuit 




POWER SWITCH 


=10/xs- 


= 40ms- 


Note: No Diode Reverse or Forward Recovery Spike (See note 4.) 



COMMUTATING DIODE 


I,' 




Figure 2. PIC600, PIC601, P1C602 Switching Waveforms 


Note: PIC610, PIC611, PIC612 Test Circuit and waveforms are identical but of opposite polarity (Vi„ = — 25V, Vj,yj = — 5V, Idrive = +20mA). 



0 1 2 3 4 5 

V,_|(on) — ON-STATE VOLTAGE (V) 


oc 

tr 

Z) 

o 

Q 

CE 

< 

tr 

O 

UJ 

Q 

O 

Q 

I 


Diode Forward Characteristics 



Turn-On Time 


Fall Time 




I, — OUTPUT CURRENT (A) _ OUTPUT CURRENT (A) 
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POWER INTEGRATED CIRCUIT p|C625 

Switching Regulator 15 Amp Positive and Negative PIC627 

Power Output Stages Picess 

PIC636 

PIC637 


FEATURES 

• Designed and characterized for switching regulator applications 

• Cost saving design reduces size, improves efficiency, reduces noise and RFI (See note 4.) 

• High operating frequency (to >100kHz) results in smaller inductor-capacitor filter 
and Improved power supply response time 

• High operating efficiency: Typical 7A circuit performance — 

Rise and Fall time <300 ns 
Efficiency >85% 

• No reverse recovery spike generated by commutating diode (See note 4. and Fig. 2.) 

• Electrically isolated, 4-Pin, T066 hermetic case 


DESCRIPTION 

The Unitrode ESP Switching Regulator is a unique hybrid 
transistor circuit, specifically designed, constructed and 
specified for use in high current switching regulator appli- 
cations. The designer is thus relieved of one of the most time 
consuming, tedious and critical aspects of switching regulator 
design: choosing the appropriate switching transistors and 
commutating diode, and empirically determining the optimum 
drive and bias conditions. 

Switching regulators, when compared to conventional regu- 
lators, result in significant reductions in size, weight, and 
internal power losses and a major decrease In overall cost. 
Using the Unitrode PIC600 series the designer can achieve 
further improvements in size, weight, efficiency, and costs. At 
the same time, because of the PIC600 series design and 
packaging, the designer is aided in overcoming two of the most 


significant drawbacks to switching regulators: noise generation 
and slow response time; there is, in fact, no diode reverse 
recovery spike (See note 4.). 

The PIC600 series switching regulators are designed and 
characterized to be driven wih standard integrated circuit 
voltage regulators. They are completely characterized over 
their entire operating range of — 55°C to +125°C. The devices 
are enclosed in a special 4-pin T066 package, hermetically 
sealed for high reliability. The hybrid circuit construction 
utilizes thick film resistors on a beryllia substrate for maximum 
thermal conductivity and resultant low thermal impedance. All 
of the active elements in the hybrid are fully passivated. 

Application Notes U-68 and U-76 provide a detailed descrip- 
tion of the hybrid circuit and design guidance for specific 
circuit applications. 


POS. 

INPUT 


PIC625 

PIC626 

PIC627 


SCHEMATIC 



PIC635 

PIC636 

PIC637 



MECHANICAL SPECIFICATIONS 


PIC625 PIC626 PIC627 PIC635 PiC636 PIC637 


NOTES: 

1. Case is electrically isolated. 

2. Loads may be soldered to within 
Vie" of base provided temperature- 
time exposure is less than 260°C 
for 10 seconds. 




ins. 

mm 

A 

620 MAX 

15 75 MAX 

B 

050- 075 

1 27-1 91 

C 

028- 034 

0 71-0 86 

D 

958- 962 

24 33-24 43 

E 

190- 210 

4 83-5 33 

F 

190- 210 

4 83-5 33 

G 

350 MAX RAD 

8 89 MAX RAD 

"ir 

570- 590 

14 48-14 99 

j 

142- 152 DIA 

3 61-3 86 DIA 


360 MIN 

914 MIN 

l" 

250- 340 

6 35-8 64 
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ABSOLUTE MAXIMUM RATINGS 


PIC625 PIC626 PIC627 PIC635 PIC636 PIC637 



PIC625 

PIC626 

PICS27 

PIC635 

PIC636 

PIC637 

Input Voltage, V 4 j 

60V 

80V 

lOOV 

-60V 

-80V 

-lOOV 

Output Voltage, V, 2 

GOV 

80V 

lOOV 

-GOV 

-80V 

-lOOV 

Drive-Input Reverse Voltage, V 3 4 

5V 

5V 

5V 

-5V 

-5V 

-5A 

Output Current, 1, 

15A 

15A 

15A 

-ISA 

-ISA 

-ISA 


Drive Current, I 3 -0.4A -0.4A -0.4A 0.4A 0.4A 0.4A 


Thermal Resistance 


Junction to Case, 


Power Switch 

4.0°C/W 

Commutating Diode 

4.0°C/W 

Case to Ambient, 

60.0^C/W 

Operating Temperature Range, T^ 

— 55“C to -f 125°C 

Maximum Junction Temperature, Tj 

-fl50°C 

Storage Temperature Range 

— 65°C to -f 150“C 


ELECTRICAL SPECIFICATIONS (at 25°C unless noted) 


Test 

Symbol 

PIC 

Min. 

525/626 

Typ. 

1627 

Max. 

PI 

Min. 

Z635I636 

Typ. 

637 

Max. 

Units 

Conditions 

Current Delay Time 

td,' 

— 

35 

60 

— 

35 

60 

ns 

Vi„ = 25V(-25V) 

Current Rise Time 

t^i 

— 

65 

150 

— 

65 

175 

ns 

V,,,=r5V(-5V) 

Voltage Rise Time 

tpv 

_ 

40 

60 


40 

60 

ns 

l„„, = 7A(-7A) 

Voltage Storage Time 

tsv 

~ 

700 

— 

— 

700 

— 

ns 

I 3 - _30mA(30mA) NOTE 5 

Voltage Fall Time 

t,v 

— 

70 

175 

— 

100 

300 

ns 

See Figure 2 

Current Fall Time 

tfl 

— 

175 

300 

— 

175 

300 

ns 

See notes 1, 2, 4 

Efficiency (Notes 2 and 4) 

V 

— 

85 

— 


85 

— 

% 


On-State Voltage (Note 3) 

V 

* 4- 1 (on) 

_ 

1.0 

1.5 

— 

- 1.0 

-1.5 

V 

I 4 = 7A(-7A), I 3 rr -.03A(.03A) NOTE 5 

On-State Voltage (Note 3) 

^4 - 1 (on) 

— 

2.5 

3.5 

— 

-2.5 

-3.5 j 

V 

I 4 = 1 15A(-15A), I 3 = -.03A(.03A) NOTE 5 

Diode Fwd. Voltage (Note 3) 

^ 2-1 (on) 

— 

.85 

1.25 

— 

-.85 

-1.25 

V 

I 2 rr 7A(-7A) 

Diode Fwd. Voltage (Note 3) 

^2-1 (on) 

— 

.95 

1.75 

— 

-.95 

-1.75^ 

V 

I 2 =r 15A(-15A) 

Off-State Current 

I 4 -I 

— 1 

0.1 

10 

— 

- 0.1 

-10 

fiA 

V 4 = Rated input voltage 

Off-State Current 



10 

— 

— 

-10 

— 

fiA 

V 4 = Rated input voltage, T^ = 100°C 

Diode Reverse Current 

^ 1-2 


1.0 

10 

— 

- 1.0 

-10 

aA 

V| = Rated output voltage 

Diode Reverse Current 

^-2 

- 1 

500 

— 

— 

500 

- 1 

aA 

V, = Rated output voltage, T^ =r 100°C 


NOTES: 

1. In switching an inductive load, the current will lead the voltage on turn-on and lag the voltage on turn-off (see Figure 2). Therefore, Voltage Delay Time 
(tov) = tdi + tri and Current Storage Time (tsi) = tsv + tfv. 

2. The efficiency is a measure of internal power losses and is equal to Output Power divided by Input Power. The switching speed circuit of Figure 1, in 
which the efficiency is measured, is representative of typical operating conditions for the PIC600 series switching regulators. 

3. Pulse test: Duration = 300//S, Duty Cycle < 2%. 

4. As can be seen from the switching waveforms shown in Figure 2, no reverse of forward recovery spike is generated by the commutating diode during 
switching! This reduces self-generated noise, since no current spike is fed through the switching regulator. It also improves efficiency and reliability, 
since the power switch only carries current during turn-on. 

5. To insure safe operation I 3 should be >130mA| during Tqn- Operation at I 3 <|30mA| can permanently damage device. 


POWER DISSIPATION CONSIDERATIONS 

The total power losses in the switching regulator is the sum of the switching losses, and the power switch and diode D.C. losses. Once total power dissipation has 
been determined, the Power Dissipation curve, or thermal resistance data may be used to determine the allowable case or ambient temperature for any 
operating condition. 

The switching losses curve presents data for a frequency of 20KHz. To find losses at any other frequency, multiply by f/20KHz. 

The D.C. losses curve presents data for a duty cycle of .2. To find D.C. losses at any other duty cycle, multiply by D/.2 for the power switch and by (l-D )/.8 for the 
diode. 

At frequencies much below lOKHz the above method for determining the allowable case or ambient temperature becomes invalid and a detailed transient 
thermal analysis must be performed. Please see Design Note 6 (DN- 6 ) for further information. 
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PIC625 PIC626 PIC627 P1C635 PIC636 P1C637 



Figure 1. PIC625, 626, 627 Switching Speed Circuit 
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: 


V, , 





POWER SWITCH 



= 40/iS- 


Note: No Diode Reverse or Forward Recovery Spike (See note 4.) 

;? 

COMMUTATING DIODE 




Figure 2. PIC625, 626, 627 Switching Waveforms 


Note: PIC635, PIC636, PIC637 Circuit and waveforms are identical but of opposite polarity (Vj„ = —25V, = — 5V, Iurive = +30mA.) 
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Diode Forward Characteristics 
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POWER INTEGRATED CIRCUIT 

Switching Regulator 15 Amp Positive and Negative 
Power Output Stages 


PIC645 

PIC646 

PIC647 

PIC655 

PIC656 

PIC657 


FEATURES 

• Designed and characterized for switching regulator applications 

• Cost saving design reduces size, improves efficiency, reduces noise and RFI (See note 4.) 

• High operating frequency (to >100kHz) results in smaller inductor-capacitor filter 
and improved power supply response time 

• High operating efficiency: Typical 7A circuit performance — 

Rise and Fall time <300 ns 
Efficiency >85% 

• No reverse recovery spike generated by commutating diode (See note 4. and Fig. 2.) 


DESCRIPTION 

The Unitrode ESP Switching Regulator is a unique hybrid 
transistor circuit, specifically designed, constructed and 
specified for use in high current switching regulator appli- 
cations. The designer is thus relieved of one of the most time 
consuming, tedious and critical aspects of switching regulator 
design: choosing the appropriate switching transistors and 
commutating diode, and empirically determining the optimum 
drive and bias conditions. 

Switching regulators, when compared to conventional regu- 
lators, result in significant reductions in size, weight, and 
internal power losses and a major decrease in overall cost. 
Using the Unitrode PIC600 series the designer can achieve 
further improvements in size, weight, efficiency, and costs. At 
the same time, because of the PIC600 series design and 
packaging, the designer is aided in overcoming two of the most 


significant drawbacks to switching regulators: noise generation 
and slow response time; there is, in fact, no diode reverse 
recovery spike (See note 4.). 

The PIC600 series switching regulators are designed and 
characterized to be driven with standard integrated circuit 
voltage regulators. They are completely characterized over 
their entire operating range of — 55°C to -f 125°C. The devices 
are enclosed in a special 3 pin TO-3 package, hermetically 
sealed for high reliability. The hybrid circuit construction 
utilizes thick film resistors on a beryllia substrate for maximum 
thermal conductivity and resultant low thermal impedance. All 
of the active elements in the hybrid are fully passivated. 

Application Notes U-68 and U-76 provide a detailed descrip- 
tion of the hybrid circuit and design guidance for specific 
circuit applications. 


POS. 

INPUT 


PIC645 

PIC646 

PIC647 


SCHEMATIC 



NEC. 

INPUT 


PIC655 

PIC656 

PIC657 ^ meg. 



MECHANICAL SPECIFICATIONS 


PIC645 PIC646 PIC647 PIC655 PIC656 PIC657 



NOTE; 

Loads may be soldered to within 
Vie" of base provided temperature- 
time exposure is less than 260°C 
for 10 seconds. 



ins. 

mm 

A 

875 MAX 

22 23 MAX 

B 

.135 

3 43 

C 

250- 450 

6.35-11 43 

D 

.312 MIN. 

7 92 MIN 

E 

.205-225 

5 21-5 72 

F 

.420- 440 

10 67-11 18 

G 

145- 165 

3 68-4 19 

H 

.395- 405 

10 03-10 29 

J 

151- 161 DIA 

3 84-4 09 DIA 

K 

188 MAX RAD 

4 78 MAX. RAD. 

L 

525 MAX. RAD 

13 34 MAX RAD 

M 

708- 728 

17 98-18 49 

N 

1 177-1 197 

29 90-30 40 

P 

038- 043 DIA 

97-1 09 DIA 



8/78 
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PIC645 

PIC646 PIC647 

PIC655 PIC656 

PIC657 

ABSOLUTE MAXIMUM RATINGS 


PIC645 

PIC646 

PIC647 

PiC655 

PIC656 

PIC657 

Input Voltage, V 4.2 

60V 

80V 

lOOV 

-60V 

-80V 

-lOOV 

Output Voltage, V, 2 

60V 

80V 

lOOV 

-60V 

-80V 

-lOOV 

Drive-Input Reverse Voltage, V 3.4 

5V 

5V 

5V 

-5V 

-5V 

.... -5V 

Continuous Output Current, 1, 

15A 

15A 

15A 

-15A 

-15A 

.. -15A 

Peak Output Current 

20A 

20A 

20A 

-20A 

-20A 

.. -20A 

Drive Current, 1, 

-0.4A 

-0.4A 

-0.4A 

0.4A 

0.4A 

0.4A 


Thermal Resistance 


Junction to Case, Oj.^ 

Power Switch 
Commutating Diode 
Case to Ambient, 

- A 

Operating Temperature Range, T^ 
Maximum Junction Temperature, T^ 
Storage Temperature Range 


2°C/W 
2°C/W 
30.0°C/W 
— 55°Cto+125°C 
+150“C 

— 65°C to +150“C 


ELECTRICAL SPECIFICATIONS (at 25°C unless noted) 


Test 

Symbol 

PIC6 

Min. 

45 / 646 / 

Typ. 

647 

Max. 

Min. 

0655/ 656 
Typ. 

^657 

Max. 

Units 

Conditions 

Current Delay Time 

tdi 

— 

35 

60 

— 

35 

60 

ns 

Vi, = 25V(-25V) 

Current Rise Time 

tpi 

— 

65 

150 


65 

175 

ns 

V,,, = 5V(-5V) 

Voltage Rise Time 

tpv 

— 

40 

60 

— 

40 

60 

ns 

l„„, = 7A(-7A) 

Voltage Storage Time 

tsv 

— 

700 

— 

— 

700 

— 

ns 

I 3 =: -30mA(30mA) NOTE 5 

Voltage Fall Time 

tfv 

— 

70 

175 

— 

100 

300 

ns 

See Figure 2 

Current Fall Time 

tfi 

— 

175 

300 

— 

175 

300 

ns 

See notes 1, 2, 4 

Efficiency (Notes 2 and 4) 

'n 

— 

85 

— 

— 

85 

— 

% 


On-State Voltage (Note 3) 

^4 - 1 (on) 

— 

1.0 

1.5 

— 

-1.0 

-1.5 

V 

I 4 = 7A(-7A), I 3 = -.03A(.03A) NOTE 5 

On-State Voltage (Note 3) 

^4 - 1 (on) 

— 

2.5 

3.5 

— 

-2.5 

-3.5 

V 

I 4 = 15A(-15A), {3 -.03A(.03A) NOTE 5 

Diode Fwd. Voltage (Note 3) 

^ 2-1 (on) 

— 

.85 

. 1.25 

— 

-.85 

-1.25 

V 

< 

< 

II 

D'ode Fwd. Voltage (Note 3) 

^ 2-1 (on) 

— 

.95 

1.75 

— 

-.95 

-1.75 

1 

V 

I 2 =r 15A(-15A) 

Off-State Current 

' 4-1 

— 

0.1 

10 

— 

-0.1 

-10 


V 4 := Rated input voltage 

Off-State Current 

I 4 -! 

— 

10 

— 

— 

-10 

_ 

aA 

V 4 =r Rated input voltage, T^ = 100°C 

Diode Reverse Current 

I 1-2 

— 

1.0 

10 

— 

-1.0 

-10 

aA 

V| = Rated output voltage 

Diode Reverse Current 

* 1-2 

— 

500 

- 

- 

500 

i 

i 

aA| 

V, = Rated output voltage, T^ 100°C 


NOTES: 

1. In switching an inductive load, the current will lead the voltage on turn-on and lag the voltage on turn-off (see Figure 2). Therefore, Voltage Delay Time 
(tDv) = tdi + tri and Current Storage Time (tsi) = tsv + tfv. 

2. The efficiency is a measure of internal power losses and is equal to Output Power divided by Input Power. The switching speed circuit of Figure 1, in 
which the efficiency is measured, is representative of typical operating conditions for the PIC600 series switching regulators. 

3. Pulse test: Duration = 300 fjs, Duty Cycle < 2%. 

4. As can be seen from the switching waveforms shown in Figure 2, no reverse of forward recovery spike is generated by the commutating diode during 
switching! This reduces self-generated noise, since no current spike is fed through the switching regulator. It also improves efficiency and reliability, 
since the power switch only carries current during turn-on. 

5. To insure safe operation I 3 should be > |30mA| during Ton- Operation at I 3 <|30mA| can permanently damage device. 

POWER DISSIPATION CONSIDERATIONS 

The total power losses in the switching regulator is the sum of the switching losses, and the power switch and diode D.C. losses. Once total power dissipation has 
been determined, the Power Dissipation curve, or thermal resistance data may be used to determine the allowable case or ambient temperature for any 
operating condition. 

The switching losses curve presents data for a frequency of 20KHz. To find losses at any other frequency, multiply by f/20KHz. 

The D.C. losses curve presents data fora duty cycle of .2. To find D.C. losses at any other duty cycle, multiply by D/. 2 for the power switch and by (l-D)/. 8 forthe 
diode. 

At frequencies much below lOKHz the above method for determining the allowable case or ambient temperature becomes invalid and a detailed transient 
thermal analysis must be performed. Please see Design Note 6 (DN- 6 ) for further information. 
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PIC645 PIC646 PIC647 PIC655 PIC656 PIC657 



Figure 1. PiC645, 646, 647 Switching Speed Circuit 
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Figure 2. PIC645, 646, 647 Switching Waveforms 


Note: P1C655, PIC656, PIC657 Circuit and waveforms are identical but of opposite polarity (V..^ = -25V, = ~5V, lpR,yg = +30mA.) 
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POWER INTEGRATED CIRCUIT 

Switching Regulator 10 Amp Positive and Negative 
Power Output Stages 


PIC660 

PIC661 

PIC662 

PIC670 

PIC671 

PIC672 


FEATURES 

• Designed and characterized for switching regulator applications 

• Cost saving design reduces size, improves efficiency, reduces noise and RFI (See note 4.) 

• High operating frequency (to >100kHz) results in smaller inductor-capacitor filter 
and improved power supply response time 

• High operating efficiency: Typical 5A circuit performance — 

Rise and Fall time <300ns 
Efficiency >85% 

• No reverse recovery spike generated by commutating diode (See note 4. and Fig. 2.) 

• Electrically isolated, 4-Pin, TO-66 hermetic case 


DESCRIPTION 

The Unitrode Switching Regulator is a unique hybrid 
transistor circuit, specifically designed, constructed and 
specified for use in high current switching regulator appli- 
cations. The designer is thus relieved of one of the most time 
consuming, tedious and critical aspects of switching regulator 
design: choosing the appropriate switching transistors and 
commutating diode, and empirically determining the optimum 
drive and bias conditions. 

Switching regulators, when compared to conventional regu- 
lators, result in significant reductions in size, weight, and 
internal power losses and a major decrease in overall cost. 
Using the Unitrode PIC600 series the designer can achieve 
further improvements in size, weight, efficiency, and costs. At 
the same time, because of the PIC600 series design and 
packaging, the designer is aided in overcoming two of the most 


significant drawbacks to switching regulators: noise generation 
and slow response time; there is, in fact, no diode reverse 
recovery spike (See note 4.). 

The PIC600 series switching regulators are designed and 
characterized to be driven with standard integrated circuit 
voltage regulators. They are completely characterized over 
their entire operating range of — 55°C to -f 125°C. The devices 
are enclosed in a special 4-Pin TO-66 package, hermetically 
sealed for high reliability. The hybrid circuit construction 
utilizes thick film resistors on a beryllia substrate for maximum 
thermal conductivity and resultant low thermal impedance. All 
of the active elements in the hybrid are fully passivated. 

Application Notes U-68 and U-76 provide a detailed descrip- 
tion of the hybrid circuit and design guidance for specific 
circuit applications. 


POS. 

INPUT 


PIC660 

PIC661 

PIC662 


SCHEMATIC 



NEC. 

INPUT 


PIC670 

PIC671 

PIC672 



MECHANICAL SPECIFICATIONS 


PIC660 

NOTES: 

1. Case is electrically isolated. 

2. Loads may be soldered to within 
Vie" of base provided temperature- 
time exposure is less than 260°C 
for 10 seconds. 


PIC661 PIC662 PIC670 PIC671 PIC672 




ins. 

mm 

A 

620 MAX 

15 75 MAX 

B 

050- 075 

1 27-1 91 

C 

028- 034 

0 71-0 86 

D 

958- 962 

24 33-24 43 

E 

190- 210 

4 83-5 33 

F 

190- 210 

4 83-5 33 

G 

350 MAX RAD 

8 89 MAX RAD 


570- 590 

14 48 14 99 

J 

142- 152 DIA 

3 61-3 86 DIA 

K 

360 MIN 

9 14 MIN 

L 

250- 340 

6 35-8 64 


4-Pin TO-66 



4/82 


5-16 


UNITRODE 




PIC660 PIC661 PIC662 PIC670 PIC671 PIC672 


ABSOLUTE MAXIMUM RATINGS 

PIC 66 O 

PIC661 

PIC662 

PIC670 

PIC671 

PIC672 

Input Voltage, V 4 2 

60V 

.... 80V 

.... lOOV 

.... -60V .... 

.... -80V .... 

.... -lOOV 

Output Voltage, Vi 2 

60V 

.... 80V 

.... lOOV 

.... -60V .... 

.... -80V .... 

.... -lOOV 

Drive-Input Reverse Voltage, V 3 4 

5V 

.... 5V 

.... 5V 

.... -5V .... 

.... -5V .... 

-5V 

Output Current, li 

lOA 

.... lOA 

. . . . lOA 

.... -lOA .... 

.... -lOA .... 

-lOA 

Drive Current, I 3 

Thermal Resistance 

Junction to Case, d^-c 

-0.4A . . . . 

.... -0.4A 

.... -0.4A 

.... 0.4A .... 

.... 0.4A .... 

0.4A 

Power Switch 



4.0°C/W 



Commutating Diode 



4.0°C/W 



Case to Ambient, dc~^ 



60.0°C/W 



Operating Temperature Range, Tc 



~55°C to +125»C 



Maximum Junction Temperature, T, 



-fl50°C 



Storage Temperature Range 



— 65°C to +150°C 




ELECTRICAL SPECIFICATIONS (at 25°C unless noted) 


Test 

Symbol 

PIC 6 

Min. 

60/66] 

Typ. 

/662 

Max. 

PIC 

Min. 

670/671 

Typ. 

/672 

Max. 

Units 

Conditions 

Current Delay Time 

*di 

— 

35 

60 

— 

35 

60 

ns 

Vi„ = 25V(-25V) 

Current Rise Time 

tri 

— 

65 

150 

— 

65 

175 

ns 

o< 

’ll 

1 

< 

Voltage Rise Time 


— 

40 

60 

— 

40 

60 

ns 

U=5A(-5A) 

Voltage Storage Time 

ts. 

— 

700 

— 

— 

700 

— 

ns 

I 3 = -30mA(30mA) NOTE 5 

Voltage Fall Time 

tfv 

— 

70 

175 

— 

100 

300 

ns 

See Figure 2 

Current Fall Time 

tfi 

_ 

175 

300 

— 

175 

300 

ns 

See notes 1, 2, 4 

Efficiency (Notes 2 and 4) 

V 

— 

85 

— 

— 

85 

— 

% 


On-State Voltage (Note 3) 

^4-1 (on) 

— - 

1.0 

1.5 


- 1.0 

-1.5 

V 

I 4 = 5A(-5A), I 3 = -.03A(.03A) NOTE 5 

On-State Voltage (Note 3) 

^4-1 (on) 

— 

2.5 

3.5 

— 

-2.5 

-3.5 

V 

1, = lOA(-lOA), I 3 = -.03A(.03A) NOTE 5 

Diode Fwd. Voltage (Note 3) 

^ 2- 1 (on) 


.85 

1.25 

— 

-.85 

-1.25 

V 

l2=5A(-5A) 

Diode Fwd. Voltage (Note 3) 

^ 2-1 (on) 

— 

.95 

1.75 

— 

-.95 

-1.75 

V 

l2 = 10A(-10A) 

Off-State Current 

«4-, 

— 

0.1 

10 

— 

-0.1 

-10 

aA 

V 4 = Rated input voltage 

Off-State Current 

I 4 .. 

— 

10 

— 

— 

-10 


aA 

V 4 = Rated Input voltage, T^ = 100°C 

Diode Reverse Current 

I|_2 

— 

1.0 

10 

— 

-1.0 

-10 

aA 

V, =: Rated output voltage 

Diode Reverse Current 

bd 1 

- 

500 

- 

-.n ,1 

500 

- 

aA 

V, = Rated output voltage, T^ = 100°C 


NOTES: 

1. In switching an inductive load, the current will lead the voltage on turn-on and lag the voltage on turn-off (see Figure 2). Therefore, Voltage Delay Time 
(tov) — tdi + tri and Current Storage Time (tsi) ss tsv + tfv. 

2. The efficiency is a measure of internal power losses and is equal to Output Power divided by Input Power. The switching speed circuit of Figure 1, in 
which the efficiency is measured, is representative of typical operating conditions for the PIC600 series switching regulators. 

3. Pulse test: Duration = SOO/js, Duty Cycle < 2%. 

4. As can be seen from the switching waveforms shown in Figure 2, no reverse of forward recovery spike is generated by the commutating diode during 
switching! This reduces self-generated noise, since no current spike is fed through the switching regulator. It also improves efficiency and reliability, 
since the power switch only carries current during turn-on. 

5. To insure safe operation I 3 should be >|30mAl during Ton Operation at I 3 <|30mA| can permanently damage device. 


POWER DISSIPATION CONSIDERATIONS 

The total power losses in the switching regulator is the sum of the switching losses, and the power switch and diode D.C. losses. Once total power dissipation has 
been determined, the Power Dissipation curve, or thermal resistance data may be used to determine the allowable case or ambient temperature for any 
operating condition. 

The switching losses curve presents data for a frequency of 2OKH2. To find losses at any other frequency, multiply by f/20KHz. 

The D.C. losses curve presents data for a duty cycle of .2. To find D.C. losses at any other duty cycle, multiply by D/.2 for the power switch and by(l-D)/.8forthe 
diode. 

At frequencies much below lOKHz the above method for determining the allowable case or ambient temperature becomes invalid and a detailed transient 
thermal analysis must be performed. Please see Design Note 6 (DN-6) for further information. 
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in Figure 1. 

- V,n = 25V 

Voui = V,n X Duty Cycle 

- I 3 = 30mA 

Tc = 25°C 
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Diode D.C. Losses 
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I, — OUTPUT CURRENT (A) 


Switching Losses 



2 3 456789 10 20 

I, — OUTPUT CURRENT (A) 

V,n = 25, V, U = 30mA To determine switching losses at 
f = 20KHz any other frequency, multiply by 

Tc = 25°C f/20KHz where f is the frequency 

at which the losses are to be 
determined. 


Maximum Safe Operating Area 
PIC 660, 661, 662-670, 671, 672 
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PIC660 P1C661 PIC662 PIC670 PIC671 PIC672 



* 7 

: > 



• V4-, 



: POWER SWITCH 



T„„ = 10ms- 

7 


To,f = 40/iS ■ 


Note; No Diode Reverse or Forward Recovery Spike (See note 4.) 

'"'y 


COMMUTATING DIODE 




Figure 1. PIC660, 661, 662 Switching Speed Circuit 


Figure 2. PIC660, 661, 662 Switching Waveforms 


Note: PIC670, PIC671, P1C672 Circuit and waveforms are identical but of opposite polarity (V.n = -15V, Vout = -5V, I DRIVE — +30mA.) 
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V,., (on) — ON-STATE VOLTAGE (V) 


Diode Forward Characteristics 
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V,.,(on) — DIODE FORWARD VOLTAGE (V) 


Turn-on Time 


;As measured in the circuit showi 

■ in Figure 1. 

; V,n = 15V 

; Vout = 5V 

■ I 3 = 30mA 

■ Ti = 25°C 
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I, — OUTPUT CURRENT (A) 


Fall Time 


As measured in the circuit show 
in Figure 1. 

; V.n = 15V 
: Vout = 5V 

I 3 = 30mA 

Ti = 25°C 
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POWER INTEGRATED CIRCUIT 

Schott^^ Switching Regulator 30A, 40V 
Power Output Stages 


PIC730 

PIC740 


FEATURES APPLICATIONS: 

• Designed and characterized for switching regulator applications High efficiency and high current 

• Cost saving design reduces size, improves efficiency, reduces noise and RFI Buck or Flyback type switching 

• High operating frequency (tolOOkHz) results in smaller inductor-capacitor filter regulator, 

and improved power supply response time 

• Low forward drop of Schottky Rectifier: 

Vp=.6Vat20A 

• High Efficiency: 90% typ. @ 15A (see last page) 


DESCRIPTION 

The Unitrode PIC700 series are unique hybrid circuits, specifi- 
cally designed, constructed and specified for use in high 
current switching regulator applications. The designer Is thus 
relieved of one of the most time consuming, tedious and 
critical aspects of switching regulator design; choosing the 
appropriate switching transistors and commutating diode. 

Switching regulators, when compared to conventional regu- 
lators, result in significant reductions in size, weight, and 
internal power losses and a major decrease in overall cost. 
Using the Unitrode PIC700 series the designer can achieve 
further improvements in size, weight, efficiency, and costs. At 
the same time, because of the PIC700 series design and 
packaging, the designer is aided in overcoming two of the most 


significant drawbacks to switching regulators: noise generation 
and slow response time. 

The PiC700 series switching regulators are completely character- 
ized over their entire operating range of — 55°C to -f 125°C. 

The devices are enclosed in a special 3 pin TO-3 package, 
hermetically sealed for high reliability. The hybrid circuit 
construction utilizes a beryllia substrate for maximum thermal 
conductivity and resultant low thermal impedance. All of the 
active elements in the hybrid are fully passivated. 


SCHEMATIC 

PIC730 

PIC740 


MECHANICAL SPECIFICATIONS 



NOTE; 

Leads may be soldered to within 
i/ie" of base provided temperature- 
time exposure is less than ZGO^C 
for 10 seconds. 



PIC730 PIC740 



ins. 

mm 

A 

.875 MAX. 

22.23 MAX. 

B 

.135 

3.43 

C 

.250-.450 

6.35-11.43 

D 

.312 MIN. 

7.92 MIN. 

E 

205-.225 

521-5.72 

F 

.420-440 

10.67-11.18 


.145- 165 

3.68-4.19 

H 

.395-.405 

10.03-10.29 

J 

.151-.161 DIA 

3.84-4.09 DIA. 

K 

188 MAX. RAD. 

4.78 MAX RAD 

L 

.525 MAX. RAD. 

13,34 MAX. RAD 

M 

708- 728 

17.98-18 49 

N 

1.177-1.197 

29.90-30.40 

P 

038-.043 DIA 

97-1.09 DIA. 
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PIC730 PIC740 


ABSOLUTE MAXIMUM RATINGS 

Input Voltage 

Output Voltage 

Drive-Input Reverse Voltage 

Continuous Output Current 

Peak Output Current 

Drive Current 

Thermal Resistance 
Junction to Case, Gj.^ 

Power Switch 

Commutating Diode 

Case to Ambient, Gq.a 

Operating Temperature Range, T^ 

Maximum Junction Temperature, Tj 
Storage Temperature Range 


PIC730 

.. 30V . 
.. 30V. 
.. 7V . 
. 20A. 
. 30A. 
.. 5A . 


PIC740 

..40V 
..40V 
.. 7V 
...20A 
...30A 
...5A 


1.0°C/W 

2.0°C/W 

30°C/W 

.-55°Cto +125°C. 

-fl50°C 

.-65°Cto -fl50°C. 


ELECTRICAL SPECIFICATIONS (at 25"C unless noted) 
SCHOTTKY RECTIFIER 


Test 

Symbol 

PIC730 

PIC740 

Unit 

Test Conditions 

Min. 

Max. 

Min. 

Max. 

Maximum Instantaneous 
Reverse Current 

'r 


50 



50 

mA 

Vr zz rated, 

Tc 3= 125°C 

Pulse Width zz 300/iS, 

Duty Cycle zz 1 percent 

Maximum Instantaneous 
Forward Voltage 

Vr 

1 

_ 

1 

0.6 

1 

— 

1 

0.6 

V 

ip = 20A 

Tc 3= 125“C, 


TRANSISTOR 


Collector Saturation 

Voltage (Note 1) 

^CE (sat) 

- 

1.0 

- 

1.0 

V 

lcrz20A Ibzz2.5A 

Base Saturation 

Voltage (Note 1) 

(sat) 

- 

1.5 

- 

1.5 

V 

Ic = 20A Ib zz 2.5A 

Collector-Emitter Sustaining 
Voltage (Note 2) 

^CEO (sus) 

30 

- 

40 

- 

V 

Ic = 100mA 

Collector Cut-off 

Current 

*CEO 

- 

10 

- 

10 

mA 

VcE = 40V 

P.W. = 300/143 

Emitter Cut-off 

Current 

*£BO 

- 

10 

- 

10 

mA 

Veb = 7V 

P.W. = 300/Js 

Resistive 

Switching 

Speed 

Rise 

Storage 

Fall 

t, 

ts 

tf 


500 

1.5 

250 

- 

500 

1.5 

250 

nS 

^S 

nS 

Vcc = 30V 

Ic = 20A 

Ib, = L, = 2.5A 

VBE{off) = -4V 

Inductive 

Switching 

Speed 

Current 

Fall 

tf, 

300 TYP. 

300 TYP. 

nS 

Tj = 100°C 

Vcc = 30V Ic = 20A 

Vclamp = VcEO L = 175//H 

Ibi = Ib2 = 2.5A 

Voltage 

Fall 

tfv 

350 TYP. 

350 TYP. 

nS 


Notes 

1, Pulse length=250 fis; duty cycle ^ 1%. 

2. Sustaining Voltage. Measured at a high current point where collector-emitter voltage is lowest. Current pulse length = 50/j,s; duty cycle =s 1%. 
Voltage clamped at maximum collector-emitter voltage. 


UNITRODE CORPORATION • 5 FORBES ROAD 
LEXINGTON, MA 02173 • TEL. (617) 861-6540 
TWX (710) 326-6509 • TELEX 95-1064 


5-21 


PRINTED IN U.S.A. 








PIC730 PIC740 


Rectifier — Forward Current 



.1 .2 .3 .4 .5 .6 .7 .8 ,9 1.0 1.1 1.2 1.3 

Vp— FORWARD VOLTAGE (V) 


Rectifier — Typical Reverse 



100 90 80 70 60 50 40 30 20 10 0 

Vr— REVERSE VOLTAGE (% of V^y^J 


Possible Circuit Configurations 


15 AMP 


SWITCHING REGULATOR 


15 AMP 


SWITCHING REGULATOR 


Pass Transistor — Unsaturated-Mode 


Pass Transistor — Saturated-Mode 


PIC740 



N = 35 turns Typ. Efficiency at 15A 85% 

Wire si 2 e #18 
Arnold A4-17172 



Unitrode Corporation makes no representation that the use or 
interconnection of the circuits described herein will not Infringe 
on existing or future patent rights, nor do the descriptions con- 
tained herein imply the granting of licenses to make, use or sell 
2 quipment constructed in accordance therewith. 
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POWER INTEGRATED CIRCUIT 

Switching Regulator 8A, 400V 
Power Output Stages 


PIC800 

PIC801 

PIC810 

PIC811 


FEATURES 

• Designed and characterized for switching regulator applications 

• Cost saving design reduces size, improves efficiency, reduces noise and RFI 

• High operating frequency (to lOOkHz) results in smaller inductor-capacitor filter 
and improved power supply response time 

• High operating efficiency 

• Electrically isolated, 4 PIN, TO-66 hermetic case 

• Fast reverse recovery time of commutating diode 

• Low capacitance between active components and case lOpf) 


APPLICATIONS: 

PIC800/801-High voltage Buck or 
Flyback regulator. 

PIC&10/811 -Single ended half bridge 
(2 required), 

Full bridge (4 required). 
Deflection circuits, 

DC motor drive. 


DESCRIPTION 

The Unitrode PIC800 series are power hybrid circuits, specifically 
designed, constructed and specified for use In high voltage 
switching regulator applications. The designer is thus relieved 
of one of the most time consuming, tedious and critical aspects 
of switching regulator design: choosing the appropriate switching 
transistors and commutating diode. 

Switching regulators, when compared to conventional regu- 
lators, result in significant reductions in size, weight, and 
internal power losses and a major decrease in overall cost. 

Using the Unitrode PIC800 series the designer can achieve 
further improvements in size, weight, efficiency, and costs. At 
the same time, because of the PIC800 series design and 
packaging, the designer Is aided in overcoming two of the most 


significant drawbacks to switching regulators: noise generation 
and slow response time; the reverse recovery time of the 
commutating diode is less than 50 nanoseconds. The 
capacitance between the active components and the package 
Is about 10 picofarads. 

PIC800 series are completely characterized over their entire 
operating range of — 55°C to +125°C. The devices are enclosed 
in a special 4-pin TO-66 package, hermetically sealed for high 
reliability. The hybrid circuit construction utilizes a beryllla 
substrate for maximum thermal conductivity and resultant 
low thermal impedance. All of the active elements in the 
hybrid are fully passivated. 

Suggested circuit applications are listed on fourth page of 
this sheet. 


SCHEMATIC 


PIC800 PIC810 

PIC801 PIC8H 




MECHANICAL SPECIFICATIONS 


NOTES: 

1. Case is electrically isolated. 

2. Leads may be soldered to within 
i/ie" of base provided temperature- 
time exposure is less than 2eo°C 
for 10 seconds. 


PIC800 PIC801 PIC810 PIC811 




ins. 


A 

620 MAX 


O 

050- 075 

1 27-1 91 

D 

028- 034 

0 71-0 86 

D 

958- 962 

24 33-24 43 

11 

190- 210 

4 83-5 33 


190- 210 

4 83-5 33 

G 

350 MAX RAD 

8 89 MAX BAD 

H 

570- 590 

14 48-14 99 

J 

142- 152 DIA 

3 61-3 86 DIA 

K 

360 MIN 

914 MIN 

L 

250- 340 

6 35-8 64 
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ABSOLUTE MAXIMUM RATINGS 

Input Voltage 

Output Voltage 

Drive-Input Reverse Voltage 

Peak Output Current 

Continuous Output Current 

Drive Current 


PIC800 PIC801 PIC810 PIC811 


PIC800-PIC810 


PiC801-PIC811 


...350V. 

...350V. 

5V 

8A ... 

5A 

... .2A 


.400V 
400V 
.. 5V 
.. 8A 
...5A 
....2A 


Thermal Resistance 
Junction to Case, Gj.^ 

Power Switch 

Commutating Diode . 

Case to Ambient, g^.a 

Operating Temperature Range, T^ . 

Maximum Junction Temperature, Tj 
Storage Temperature Range 

ELECTRICAL SPECIFICATIONS (at 25°C unless noted) 


RECTIFIER 





PIC800-PIC810 

PIC 8 OI-PIC 8 U 



Test 


Symbol 

Min. 

Max. 

Min. 

Max. 

Unit 

Test Conditions 

Maximum Inst. 

Tj = 25“ C 


- 

20 

- 

20 

M 

Vr = rated, 

Pulse Width = 300//S, 

Duty Cycle = 1 percent 

Reverse Current 

Tj = 100“C 

'r 

- 

500 

- 

500 

Maximum 

Tj = 25“C 


— 

1.25 

— 

1.25 


ip = 3A 

Forward Voltage 

Tj = 100“C 

Vp 

— 

1.15 

_ 

1.15 

V 

DC Blocking Voltage 

Vr 

350 

- 

400 

~ 

V 

Pulse Width = 300/iS, Ir = 20/iA 

Maximum Reverse 

Recovery Time 

trr 

- 

50 

- 

50 

nS 

Ip =:1/2 A, Ir = lA 

Irec = •25A 


. 2°C/W . 

. 3“C/W 

60.0°C/W 
-55°Cto +125°C 
4-150“C 

-65°Cto -fl50=C 


TRANSISTOR 


Collector Saturation Voltage 
(Note 1) 

^CE (sat) 


1.0 

- 

1.0 

V 

lc = 2.0A, 1 b = 0.4A 

Collector 

Saturation 

Tc = 25“C 


- 

1.5 

- 

1.5 


Ic = 5.0A, Ib = l.OA 


''CE (sat) 






Voltage 
(Note 1) 

Tc = 100“C 


2.0 


2.0 




Collector Saturation Voltage 
(Note 1) 

'^CE (sat) 

- 

3.0 

- 

3.0 

V 

Ic = 8.0A, Ib = 2,0A 

Base Saturation Voltage 

^BE (sat) 

- 

1.2 

- 

1.2 

V 

Ic = 2.0A, Ib = 0.4A 

Base 

Saturation 

Tc = 100°C 

^BE (sat) 

- 

1.6 

- 

1.6 


Ic = 5.0A, Ib = l.OA 






V 

Voltage 
(Note 1) 

Tc = 25“C 

Vbe (sat) 


1.5 


1.5 



Collector-Emitter Sustaining 
Voltage (Note 2) 

'^CEO (sus) 

350 

- 

400 

- 

V 

ic = 10mA 

Collector-Emitter Sustaining 
Voltage (Note 2) 

VcEX (sm) 

350 

- 

400 


V 

lc = 3.0A, L = 180 mH 

Ib,=Ib2 = 0.6A 

VcE clamp = rated Vcex(sus) 

Emitter-Base Cutoff Current 

Ubo 

- 

1 

- 

1 

mA 

Veb = 9V 

Collector Cutoff Current 

*CEV 

- 

1.0 

- 

- 

mA 

Vce = 350V, Vbe = -1.5V 






1.0 


Vce= 400V, Vbe= -1.5V 

Collector Cutoff Current, 


_ 

5 

_ 

_ 

mA 

VcE = 350V, Vbe = -1.5V 

Tc = 100“C 


IcEV 

— 

— 

— 

5 

VcE = 400V, Vbe = -1-5V 

Output Capacitance, 

Common Base 

^obo 

no 

Typ 

no 

1 

Typ 

PF 

VcB = 10V,f = lMHz 

Gain-Bandwidth Product 

Ft 

4 

- 

4 

- 

MHz 

VcE = 10V, lc = 0.5A,f = lMHz 

Energy Second Breakdown 
(undamped) 

Es/b 

180 

- 

180 

- 

mJ 

Ic = 3.0A,Vbe„„, = 4V 

Ig, = 0.6A 

L = 40mH undamped 

Resistive Switching Speeds 








Delay Time 

td 

— 

0.1 

— 

0.1 


Ic = 5.0A 

Rise Time 


t, 

— 

0.8 

— 

0.8 

MS 

Vcc = 125V 

Storage Time 

t. 

— 

2.0 

_ 

2.0 

Ibi = Ib2 = ^A 

Fall Time 


t. 

— 

0.4 

— 

0.4 


'^BE (off) = 

Inductive Switching Speeds 








Tc = 100“C 








• c = ^-OA, VgE loff) = 5V 

Storage Time 

t, 

— 

2.3 

— 

2.3 

MS 

i., = Ib2 = ia 

Fall Time 


tf 

1 ~ 

0.4 

— 

0.4 

VcE damp = rated Vcex(,us) 


Notes 

1. Pulse length=250 ^s; duty cycle 1%. 

2 Sustaining Voltage. Measured at a high current point where collector-emitter voltage is lowest. Current pulse length s 50 /aS; duty cycle ^1%. 
Voltage clamped at maximum collector-emitter voltage. 


UNITRODE CORPORATION • 5 FORBES ROAD 
LEXINGTON, MA 02173 • TEL. (617) 861-6540 
TWX (710) 326-6509 • TELEX 95-1064 


5-25 


PRINTED IN U.S.A. 





D.C. CURRENT GAIN Ic — COLLECTOR CURRENT (A) p AVERAGE POWER DISSIPATION (W) 


PIC800 PIC801 PIC810 PIC811 


Power Dissipation 



-50 -25 0 25 50 75 100 125 150 

Tc — CASE TEMPERATURE TO 


Forward Bias Safe Operating Area 



’5 10 20 50 100 200 500 


VcE — COLLECTOR VOLTAGE (V) 


Reverse Biased Safe Operating Area 


Saturation Voltages 
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L 





10 20 50 100 200 500 1000 

VcEx [tut] — COLLECTOR VOLTAGE (V) 



.05 0.1 0.2 0.5 1 2 5 

Ic — COLLECTOR CURRENT (A) 


D.C. Current Gain 



.05 0.1 0.2 0.5 1 2 5 

Ic — COLLECTOR CURRENT (A) 


Rectifier — Forward Current 
vs 

Forward Voltage 



.7 .9 i.i 1.3 1.5 1.7 1.9 2.1 2.3 

Vp— FORWARD VOLTAGE (V) 
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POWER INTEGRATED CIRCUIT PIC900B 

H-Bridge Power Output Stage pic900D 

5A, lOOV 


FEATURES 

• Designed and characterized for inductive loads such as 

Stepper Motor Drivers 

DC Motor Drivers 

Full Bridge DC Converters 

• Fast switching times with low (5mA) drive current 

• Electrically isolated 18 pin dual-in-line package with integral heat spreader 

• Compatible with automatic insertion 


DESCRIPTION 

The PIC900 is a unique hybrid circuit specifically designed to ; 
simplify construction of bipolar stepper motor controls and 
fullbridge DC converters. The matched transistors and drivers ; 
allow low saturation voltages and consistent thermal response. 
The low drive current insures compatibility with appropriate 
driver logic. The hybrid circuit construction utilizes tHIck-film 
resistors on an alumina substrate for mexirriRm thermal . , 
conductivity and resultant low thermal impedance. All tllf.: 
active elements in the hybrid are fully passivated, l^lMion 
between the active circuiltJnd the metal heat spreader 
exceeds 3kV. 


SCHEfi^ATIC 



MECHANICAL SPECIFICATIONS 




INCHES 

MILLIMETERS 

A 

.400 

10.16 

B 

.020 

0.51 

C 

.600 TYP 

15.24 TYP. 

D 

.064 

1.63 

E 

1.00 

25.40 

F 

__ 

27.94 

G 

.800 

20.32 

H 

1.180 MAX. 

29.97 MAX. 

J 

.180 MAX. 

4.57 MAX. 

K 

.021 

.533 

L 

.100 TYP. 

2.54 TYP. 

M 

.550 

13 97 
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PIC900B PIC90aC PIC900D 


ABSOLUTE MAXIMUM RATINGS 

Transistor, Col lector- Emitter Voltage, Vceo 

Transistor, DC Collector Current, Ic 

Diode, DC Blocking Voltage 

Diode, Forward DC Current 

Diode, Reverse Recovery Time, trr 

Thermal Resistance 
Junction to Case, ^j-c 

Power Switch 

Clamp Diode 

Operating Temperature Range, Tc 

Maximum Junction Temperature, T, — 
Storage Temperature Range 


PIC900B PIC900C PIC900D 

. 60V 80V lOOV 

5A 

• 60V 80V lOOV 

5A 

50ns max. 


4.5°C/W 

4.5°C/W 


• -55®C to +125‘’C 

+150°C 

• -65®C to +150°C 


ELECTRICAL CHARACTERISTICS (at 25°C unless noted) 


Test 

Symbol 

PNP Drive 

NPN Drive 

Unit 

Conditions 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

On-State Voltage (Note 1) 

VcE 

— 

1.0 

1.5 

— 

1.0 

1.5 

V 

Ic = 2A, Ib = -5mA (5mA) 

On-State Voltage (Note 1) 

VcE 

— 

1.2 

2.2 

— 

1.2 

2.2 

V 

Ic = 5A, Ib = -5mA (5mA) 

Diode Forward Voltage (Note 1) 

Vf 

- 

0.8 

1.1 

— 

0.8 

1.1 

V 

If = 2A 

Diode Forward Voltage (Note 1) 

Vf 

— 

1.0 

1.5 

— 

1.0 

1.5 

V 

< 

ID 

II 

Off- State Current 

IcEO 

— 

0.1 

10 

— 

0.1 

10 

aA 

VcE = rated voltage 

Off- State Current 

IcEO 

— 

10 

— 

— 

10 

— 

aA 

VcE = rated voltage, Ta = 100°C 

Diode Reverse Current 

Ir 

— 

1.0 

10 

— 

1.0 

10 

/iA 

Vr = rated voltage 

Diode Reverse Current 

Ir 

- 

500 

— 

— 

500 

— 

M 

Vr = rated voltage, Ta = 100°C 

Current Delay Time 

td, 

— 

90 

— 

— 

90 

- 

ns 


Current Rise Time 

tn 

— 

65 

150 

— 

65 

150 

ns 


Voltage Rise Time 

trv 

— 

50 ! 

100 

— 

50 

100 

ns 

VcE = 50V 

Voltage Storage Time 

tsv 

— 

850 

1800 

— 

850 

1800 

ns 

II 

|NO 

> 

Voltage Fall Time 

tfv 

— 

500 1 

800 

— 

500 

800 

ns 

Ib = 5mA 

Current Fall Time 

tfi 

- 

180 

400 

- 

180 

400 

ns 



NOTE: 1. Pulse test: duration = 300/iS, duty cycle < 2%. 
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ON-STATE CURRENT (A) I,, _ COLLECTOR CURRENT (A) 


PIC900B PIC900C PIC900D 


Forward Bias Safe Operating Area 


Power Dissipation 



PIC900B 

PIC900C 

PIC900D 



-50 -25 0 25 50 75 100 125 150 

Tc - CASE TEMPERATURE (°C) 


Reverse Bias 
Safe Operating Area 
Clamped Inductive Switching 







1 




































i 





t- 

— PIC900B 








— PIC900C 








«^PIC900D 










1 2 5 10 20 60 80 100 


Switching Losses — Single Switch 



0.5 0.6 0.70.80.9 1 2 3 4 5 


VcE - COLLECTOR TO EMITTER VOLTAGE (V) 


Ic - AMPS 


Power Dariington 
On-State Characteristics 



I 


TYP 

CAL 


lr'°" 

-25“C 

— 


i 

I" 

100»C 

Ib = 

5mA 

J 


25°C 



J 

L 





0 I LLi-J 1 I 1 I 

0 1 2 3 4 5 


Diode Forward Characteristics 


Ul 

Q 

g 

Q 



0 0.5 1 1.5 2 2.5 


ON-STATE VOLTAGE (V) 


DIODE FORWARD VOLTAGE (V) 
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THERMAL RESISTANCE (°C/W) t - TIME (ns) 


PIC900B PIC900C PIC900D 


Turn-On Time 


Turn-Off Time 



0.5 0 6 0.70.80.91 2 3 4 5 



0.5 0.6 0.70.80.91 2 3 5 


li- OUTPUT CURRENT (A) 


+50VDC 


li- OUTPUT CURRENT (A) 




Switching Speed Test Circuit 


Transient Thermal Impedance Plot 


Effective Thermal Impedance 



0.01 0 1 1 10 
PULSE WIDTH - SECONDS 


tfp = Rt X D + (1-D) r(t +t)- r{T) + r(t) 



WHERE: 

t = PULSE WIDTH 
T = PERIOD 

DUTY CYCLE, D = 

PEAK POWER, PpK IS PEAK OF AN EQUIVALENT SQUARE 
POWER PULSE 

r (t + r) = TRANSIENT RESISTANCE AT TIME t + t 
r(t) = TRANSIENT THERMAL RESISTANCE AT 
TIMEt 

Rt = DC THERMAL RESISTANCE 
(FROM DATA SHEETS) 


Power Pulses 


If a socket is desired for use during circuit 
breadboarding, any DIP socket for 24 pins or 
more will accommodate the 0.6" (15.24mm) 
row spacing of the DIL-18 package 
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PIC900B PIC900C PIC900D 


TYPICAL APPLICATIONS OF THE PIC900 

Drive Requirements The drive current spec of 5mA minimum should be observed 

The 2N2222 transistors are used to level shift the input signal using worst case design, forapplicationswhere minimum current 

from ground to the B+ level forthePNPDarlingtons when required drain is required. Otherwise a 10mA typical value may be used, 

by the application. Almost any small signal transistor of the 

appropriate voltage rating can be used since it handles only the Basic Drive Circuits - Figures 1 and 2 

5mA (minimum) drive current to the PIC900. Note the use of the The basic application of the PIC900 to unipolar and bipolar 

current limiting resistor In series with the collector of the stepper motors is shown in Figures 1 and 2. These are shown as 

2N2222S where needed. simple L/IR systems. 



FROM CONTROL CIRCUIT 

Figure 1. Unipolar Drive 



FROM CONTROL CIRCUIT 

Figure 2. Bipolar Drive 
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PIC900B PIC900C PIC900D 


PIC900 Mounting Considerations 

The PIC900 is designed to be used with or without additional heat 
sinking. The PIC900 heat spreader is electrically isolated from the 
active devices, so a variety of heat sinking methods can be used. 
Most of the active chips are mounted directly on the copper lead 
frame to facilitate heat flow through the leads. 


a) PIC900 DIP leads soldered in PC board. Copper leads are 
designed to pull heat out of chips. Typical mounting for up to 
2A average, or up to 5A peak at low duty factor. 


(END VIEW) 
PIC900 


P(C900 



b) PC board mounting by its leads, plus small finned heat sink 
attached to PIC900 heat spreader using clips, or adhesive. 


1 1 11111 
n h 


FINNED 
HEAT SINK 


c) Heat spreader attached to large heat sink or chassis. Two 
screws with washers to hold down each end of package. 
(Typical mounting for 5A, 50% duty factor, all 4 outputs.) 








1 [ 

1 ^ 
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6-2 



SCHOTTKY RECTIFIERS 



AVERAGE 

DC OUTRUT 
CURRENT 

lA 

lA 

3A 

6A 

8A 

12A» 

12A 

16A2 

16A 


\ PKG 

Simitar to 

Similar to 

Similar to 

TO-220 

TO-220 

TO-220 

TO-220 

TO-220 

TO-220 

PEAR 

\ 

DO-41 

D04X 

DO-20XAD 

PLASTIC 

PLASTIC 

PLASTIC 

PLASTIC 

RUSTIC 

PLASTIC 

REVERSE \ 










VOtTAGE \ 

(ASA) 

(ASB) 


(2 LEAD) 

(2 LEAD) 

(3 LEAD) 

(2 LEAD) 

<3 LEAD) 

(2 LEAD) 


TYPE 

1N5817 

USD1120 

1N5820 

USD620 

USD720 

USD620C 

USD820 

USD720C 

USD920 

20V 

Vf 

.45 @ lA 

.45 @ lA 

.475 @ 3A 

.55 @ 6A 

.55 @ 8A 

.65 @ 12A 

.45 @ 12A 

.65 @ 16A 

.50 @ 16A 


Ifsm 

25A 

50A 

80A 

150A 

200A 

150A 

200A 

200A 

250A 


type 

1N5818 

USD1130 

1N5821 







30V 

Vf 

.55 @ lA 

.475 @ lA 

.50 @ 3A 








Ifsm 

25A 

50A 

80A 








TYPE 




USD635 

USD735 

USD635C 

USD835 

USD735C 

USD935 

35V 

Vf 




.55 @ 6A 

.55 @ 8A 

.65 @ 12A 

.45 @ 12A 

.65 @ 16A 

.50 @ 16A 


Ifsm 




150 A 

200A 

150A 

200A 

200A 

250A 


TYPE 

1N5819 

USD1140 

1N5822 

USD640 

USD740 i 

USD640C 

USD840 

USD740C 

USD940 

40V 

Vf 

.60 (5) lA 

.50 @ lA 

.525 @ 3A 

.55@6A 

.55@8A 

.65 @ 12A 

.45 @ 12A 

.65 @ 16A 

.50 @ 16A 


\fm 

25A 

50A 

80A 

150 A 

200A 

150A 

200A 

200A 

250A 


TYPE 




USD645 

USD745 

USD645C 

USD845 

USD745C 

USD945 

45V 

Vf 




.55 @ 6A 

.55 @ 8A 

.65 @ 12A 

.45 @ 12A 

.65 @ 16A 

.50 @ 16A 

• 

ipsy 




150 A 

200A 

150 A 

200A 

200A 

250A 


AVERAGE 

DC OUTPUT 
CURRENT 

25A 

30A® 

50A 

60A 

75A 

lOOA 

200A 

— 

\ PRO 

D04 

TO«3 

DO-5 

DO-5 

DO-5 

POWER 

POWER 

PEAR 

\ 

STUD 


STUD 

DO-5F 

D0-5F 

TAB 

BLOCK 

REVERSE \ 
VOLTA6E \ 




STUD 

STUD 


M2 


TYPE 


USD320C 



USD520 



20V 

Vf 


.6 @ 20A 



.6 @ 60A 




iFsy 


400A 



1000 A 




TYPE 



1N6097 





30V 

Vf 



.86 @ 157A 






Ifsm 



800A 






TYPE 


USD335C 


USD6035 

USD535 



35V 

Vf 


.6 @ 20A 


.6 @ 60A 

.6 @ 60A 




Ifsm 


400A 


800A j 

1000 A 




TYPE 



1N6098 



USM140C 

USM20040C 

4-OV 

Vf 



.86 @ 157 A 



.775 @ lOOA 

.745 @ 200A 


Ifsm 



800A 



lOOOA 

2000A 


TYPE 

1N63915 

USD345C 


1N63925 

USD545 

USM145C 

USM20045C 




SD241 


USD6045 




45V 

Vf 

.68 @ 50A 

.6 @ 20A 


SD514 
.6 @ 60A 

.6 @ 60A 

.775 @ lOOA 

.745 @ 200A 


Ifsm 

600A 

400A 


800A 

lOOOA 

lOOOA 

2000A 


TYPE 





USD550 

USM150C 

USM20050C 

50V 

Vf 





.6 @ 60A 

.775 @ lOOA 

.745 @ 200A 


Ifsm 





1000 A 

lOOOA 

2000A 


1. Center-tap 6A per leg. 4. Vrrm @ 25°C is 45V, Vrrm @ 150°C is 35V. 

2. Center-tap 8A per leg. 5. Available as JAN, JANTX, JANTXV. 

3. Center-tap 15A per leg. 
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RECTIFIERS 




TO-220AC 


ULTRA-FAST RECOVERY (trr - 25 to 50ns) 


Average D.C. 
Output 


■ ■ -f-S-Sl:,' 




8A 

16A 


-/"r 



B 



TO-220AC 






1N5802* 


1N5807* 




50V 


UESlOOl 


UESllOl 


UES1301 

UES1401 

UES1501 



Vf 

.895 @ lA 


.895 @ 2A 


.850 @ 6A 

.895 @ 8A 

.975 @ 16A 



trr 

25ns 


25ns 


30ns 

35ns 

35ns 


75V , 




1N5803 


1N5808 





Vf 



.895 @ lA 


.850 @ 6A 





trr' 



25ns 


30ns 








1N5804* 


1N5809* 



1 

lOOV 


UES1002 


UES1102 


U ESI 302 

UES1402 

U ESI 502 

JS 

"S 


Vf 

.895 @ lA 


.895 @ 2A 


.850 @ 6A 

.895 @ 8A 

.975 @ 16A 

> 


trr 

25ns 


25ns 


30ns 

35ns 

35ns 

I 

126V 




1N5805 


1N5810 



c 


Vf 



.895 @ lA 


.850 (g) 6A 



I 


trr 



25ns 


30ns 



£ 





1N5806* 


1N5811* 




150V 


UES1003 


UES1103 


UES1303 

UES1403 

U ESI 503 



Vf 

.895 @ lA 


.895 @ 2A 


.850 @ 6A 

.895 @ 8A 

.975 @ 16A 



trr 

25ns 


25ns 


30ns 

35ns 

35ns 


200V 



UES1104 


UES1304 



U ESI 504 



Vf/ 


1.15 @ lA 


1.15 @ 3A 



.975 @ 16A 



trr ' 


50ns 


50ns 



35ns 


300V 



UES1105 


UES1305 






Vf 


1.15 @ lA 


1.15 @ 3A 






trr 


50ns 


50ns 





4P0V . 



UES1106 


U ESI 306 








1.15 @ lA 


1.15 @ 3A 






trr 


50ns 


50ns 

i 




^Available as JAN, JANTX, JANTXV 
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PRODUCT SELECTION GUIDE 



ULTRA-FAST RECOVERY (b, - 25 to 50ns) 


Average 
. Output ' 

■ 'Curr« r''.';' 


- ' 'aoA 



"" 


It 

' 

Td-2^tdAB 







. 

c 

1 


& 

UES2401 
.895 @ 8A 
35ns 


1N5812* 
UES701 
.825 @ 25A 
35ns 

UES2601 
.825 @ 15A 
35ns 


1N6304 
UES801 
.84 ® 70A 
50ns 

; ''-/V 




1N5813 
.‘825 @ 25A 
35ns 




""mW' 

hr 

UES2402 
.895 @ 8A 
35ns 


1N5814* 
UES702 
.825 @ 25A 
35ns 

UES2602 
.825 @ 15A 
35ns 


1N6305 
UES802 
.84 ® 70A 
50ns 

126V 

Ifr 



1N5815 
.825 @ 25A 
35ns 




160V 

Vf 

trr 

UES2403 
.895 @ 8A 
35ns 


I 1N5816* 
UES703 
1.825 (®25A 
35ns 

UES2603 
.825® 15A 
35ns 


1N6306 
UES803 
.84 ® 70A 
50ns 

200V 

Vf 

^rr 

UES2404 
.895 @ 8A 
35ns 

UES704 
1.15 @20A 
50ns 


UES2604 
1.15® 15A 
50ns 

UES804 
1.15® 50A 
50ns 


•iBOOV., 



UES705 
1.15 @20A 
50ns 


UES2605 
1.15® 15A 
50ns 

UES805 
1.15 ® 50A 
50ns 



h” 


UES706 
1.15 @20A 
50ns 


UES2606 
1.15® 15A 
50ns 

UES806 
1.15® 50A 
50ns 



♦Available as JAN, JANTX, JANTXV 
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RECTIFIERS 



SUPER-FAST RECOVERY (trr - 75 to 100ns) 


Average D.C. 

- Ou^ut Curreat 





' 4A 

Package, : 

fV A-'-/' 


■■ 


8 



, 

UTX105 

UTX205 

SES5001 

UTX3105 

UTX4105 

' ' ' : 

, 60V' '' 

" Vr ' 

1.00@.5A 

1.0V@ lA 

.975 @ lA 

1V@2A 

1V@3A 



ts 

75ns 

75ns 

100ns 

100ns 

100ns 

m 



UTXllO 

UTX210 

SES5002 

UTX3110 

UTX4110 



-Vr 

1.0V@ .5A 

l.OV @ lA 

.975 @ lA 

1.0V@2A 

1.0V@3A 

% 


trr 

75ns 

75ns 

100ns 

100ns 

100ns 




UTX115 

UTX215 

SES5003 

UTX3115 

UTX4115 


150V 

Vf 

1.00 (@.5A 

1.0V@ lA 

.975 @ lA 

1.0V@2A 

1.0V@3A 

> 

' ' c 



75ns 

75ns 

100ns 

100ns 

100ns 

Jat 

■■ •; --Av '• <l 



UTX120 

UTX220 


UTX3120 

UTX4120 

$ 

CL 

20bv 

Vf 

1.00 @ lA 

1.0V@ lA 


1.0V@2A 

1.0V@3A 



trr 

75ns 

75ns 


100ns 

100ns 




UTX125 

UTX225 





250V 

Vf 

1.00@.5A 

1.0V@ lA 






trr 

75ns 

75ns 





Average D.C. 

' ' Output Current 

6A 

8A 

16A 

Center-Tap 

\ „16A 

20A 

26A 

Center-Tap 

60A 

Package Style 

B 

T0-220AB 

TO-220AC 

TD.220AC 

DO-4 

TO-3 

DOS 




SES5301 

SES5401 

SES5401C 

SES5501 

SES5701 

SES5601C 

SES5801 


60V 

Vf 

.975 @ 5A 

1.025 @8A 

1.025 @ 8A 

1.025 @ 16A 

.83 @ 20A 

.83 @ 12.5A 

.85 @ 60A 

% 


trr 

100ns 

100ns 

100ns 

100ns 

100ns 

100ns 

100ns 

s 

lOOV 


SES5302 

SES5402 

SES5402C 

SES5502 

SES5702 

SES5602C 

SES5802 

5 

Vf 

.975 @ 5A 

1.025 @ 8A 

1.025 @ 8A 

1.025 @ 16A 

.83 @ 20A 

.83 @ 12.5A 

.85 @ 60A 

8 


trr 

100ns 

100ns 

100ns 

100ns 

100ns 

100ns 

100ns 

I;; 



SES5303 

SES5403 

SES5403C 

SES5503 

SES5703 

SES5603C 

SES5803 

' ' JS . 

150V 

Vf 

.975 @ 5A 

1.025 @ 8A 

1.025 @ 8A 

1.02 @ 16A 

.83 @ 20A 

.83 @ 12.5A 

.85 @ 60A 



trr^ 

100ns 

100ns 

100ns 

100ns 

100ns 

100ns 

100ns 





SES5404 

SES5404C 

SES5504 





20OV 

'“Vf" 


1.025 @ 8A 

1.025 @ 8A 

1.02 (5) 16A 





trr 


100ns 

100ns 

100ns 
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PRODUCT SELECTION GUIDE 



FAST RECOVERY (trr - 150 to 500ns) 


Average D.C. 

Output Current 

lA 

lA 

2A ' 

3A 

■ 3:a 

4A 

■■ 6-M,, : 

Style 

A 

A 

A 

B 

$ 

:B V' 

■ : 





UTROl 


UTR02 

UTR3305 

1N5415* 

UTR4305 

UTR4405 

UTR5405 

UTR6405 



50V 

Vf , 

1.1V@.5A 


1.1V@ lA 

1.1V@3A 

1.5V @9A 

1.1V@4A 

1.1V@6A 




w 

250 ns 


250ns 

250ns 

150ns 

250ns 

300ns 





UTRll 


UTR12 

UTR3310 

1N5416* 

UTR4310 

UTR4410 









1N5186** 


UTR5410 

UTR6410 



lOOV 

Vf 

1.1V@ .5A 


1.1V@ lA 

1.1V@3A 

1.5V @9A 

1.1V@4A 

1.1V@6A 




V 

250ns 


250ns 

250ns 

150ns 

250ns 

300ns 

a* 




UTR21 

1N4942* 

UTR22 

UTR3320 

1N5417* 

UTR4320 

UTR4420 





1N5615* 



1N5187** 


UTR5420 











UTR6420 



200V 

Vf 

1.1V@ .5A 

1.3V @ lA 

1.1V@ lA 

1.1V@3A 

1.5V @9A 

1.1V@4A 

1.1V@6A 

% 



.Trr : 

250ns 

150ns 

250ns 

250ns 

150ns 

250ns 

400 ns 

c 




UTR31 


UTR32 







300V 

V;f : 

1.1V@ .5A 


1.1V@ lA 









300ns 


300ns 









UTR41 

1N4944* 

UTR42 

UTR3340 

1N5418* 

UTR4340 

UTR4440 






1N5617* 



1N5188** 


UTR5440 

UTR6440 



400V 


1.1V@ .5A 

1.3V lA 

1.1V@ lA 

1.1V@3A 

1.5V @9A 

1.1V@4A 

1.1V@6A 





350ns 

150 ns 

350ns 

300ns 

150 ns 

400ns 

500ns 





UTR51 


UTR52 

UTR3350 

1N5419* 

UTR4350 




500V 


1.1V@.5A 


1.1V@ lA 

1.1V@3A 

1.5V @9A 

1.1V(@4A 





:W;.J 

400ns 


400 ns 

350ns 

250ns 

400ns 






UTR61 

1N4946* 

UTR62 

UTR3360 

IN 5420* 

UTR4360 







1N5619* 



1N5190** 





600V : 

■w:- 

1.1V@ .5A 

1.3V @ lA 

1.1V@ lA 

1.1V(®3A 

1.5V @9A 

1.1V@4A 





trr.:; 

400ns 

250ns 

400ns 

400ns 

400ns 

400ns 



^Available as JAN, JANTX, JANTXV 
**Availableas JAN, JANTX 
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RECTIFIERS JAN & JANTX 1 N361 1-1 N3614 

Military Approved, 1 Amp, 

General Purpose 


FEATURES 

• Qualified to MIL-S-19500/228 

• Continuous Rating: lA 

• Surge Rating: 30A 

• PIV: to 800V 


DESCRIPTION 

This series of MIL approved JAN and 
JANTX general purpose lamp rectifiers are 
useful in many high rel applications. 


ABSOLUTE MAXIMUM RATINGS 


Peak Reverse Voltage Min. 

Reverse Working Voltage 

Type 

240V 

200V 

JAN & JANTX 1N3611 

480V 

400V 

JAN & JANTX 1N3612 

720V 

600V 

JAN & JANTX 1N3613 

920V 

800V 

JAN & JANTX 1N3614 


Maximum Average D.C. Output Current 

@ T^ = 100°C 1.0A 

@ T^ = 150°C 0.3A 

Non-Repetitive Sinusoidal 

Surge Current (8.3ms) 30A 

Operating Temperature Range — 65°C to -fl75°C 

Storage Temperature Range — 65°C to +200°C 

Thermal Resistance See Lead Temperature Derating Curve 


MECHANICAL SPECIFICATIONS 


JAN & JANTX1N361MN3614 


155" TYF 

1 Band indicates 3.9mm 

1 cathode end'X i 

-_»i 028" "-.001 

0 71mm . 1 : 03 

j-- ----- 

Di — nnr 



I r 1 

! i 

! j 

.085" 
4-TYP -► 
2.2mm 

rt ' — h 
! ! 

! 700" MIN ,1, 250" MAX ' 

17 8mm T 6.35mm ^ 

, 1.625" MIN 

r 41 3mm ^ 
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RECTIFIERS 

Military Approved, 1 Amp, 
General Purpose 

FEATURES 

• Qualified to MIL-S-19500/286 

• Surge Rating: 25A 

• PlV.-tolOOOV 

• Controlled Avalanche 

• No Plastic, Epoxy, Silicone, Oxides, Gases or Solder are used 


ABSOLUTE MAXIMUM RATINGS 


Maximum Reverse Voltage 

Type 

200V 

JAN, JANTX, JANTXV 1N4245 

400V 

JAN, JANTX, JANTXV 1N4246 

600V 

JAN, JANTX, JANTXV 1N4247 

800V 

JAN, JANTX, JANTXV 1N4248 

lOOOV 

JAN, JANTX, JANTXV 1N4249 


Maximum Average D.C. Output Current 
@ T^ = 100°C . .. 
@ T^ = 150°C ... 
Non-Repetitive Sinusoidal 

Surge Current .... 
Operating Temperature Range 

Storage Temperature Range 

Thermal Resistance 


l.OA 

0.333A 

25A 

— eS-’C to +175°C 

— 65°C to +175°C 

. See Lead Temperature Derating Curve 


MECHANICAL SPECIFICATIONS 


J, JTX, JTXV1N4245-1N4249 


I 

055’' TYP. 
1.4mm 


Band indicates 
cathode end'\ 


L 155" TYP 
p 3.9mm 


□ C 


3 LDf 


— \ a — I .085" MAX. 
_J) I I 2.16mm 

_i 


1/79 


1N4245-1N4249 

JANJANTX&JANTXV 


DESCRIPTION 

This series of general purpose power 
rectifiers are available as JAN, JANTX or 
JANTXV for many power supply applicatons. 


BODY A 
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JAN, JANTX, JANTXV 1N4245-1N4249 


ELECTRICAL SPECIFICATIONS (at 25°C unless noted) 




Minimum 







Reverse 


Maximum 

Maximum 

Type 

PlV 

Breakdown 

Forward 

Reverse 

Reverse 


Voltage 

Voltage 

Current 

Recovery 



@ IOOmA 

Min. 1 Max. 

25°C 

150°C 

Time* 

J, JTX, JTXV 1N4245 

200V 

240V 





J, JTX, JTXV 1N4246 

400V 

480V 

0.6V 1.3V(pk) 

@ 3.0A(pk) 




J, JTX, JTXV 1N4247 

600V 

720V 

1.0/.A 

150mA 

5.0mS 

J, JTX, JTXV 1N4248 

800V 

960V 




J, JTX, JTXV 1N4249 

lOOOV 

1150V 






*Measured in circuit Ip = VaA, 1,^ = l.OA, = 14 A 


Typical Forward Current 



0 .2 .4 .6 .8 1 1.2 1.4 

Vp — VOLTAGE (V) 



150 100 50 0 

% OF PIV 


Maximum Current 
vs Lead Temperature 


< 

z 


cc 

q: 

D 

O 

Q 

UJ 


Ul 

a 

< 

a: 

u 

> 

< 



Tl — LEAD TEMPERATURE (°C) 


Allowable Forward Surge vs Number of Cycles 


Reverse-Recovery Circuit 


o 

z 


u 

o 

cr 

D 

(/) 

Q 

kU 



1 10 100 1.000 
CYCLES AT 60 HALF SINE WAVE 


50 n 10 W 



NOTES: 

1. Oscilloscope; Rise time r: 3ns; input impedance = SOW. 

2. Pulse Generator: Rise time C 8ns; source iml^edance lOW. 

3. Current viewing resistor, non-inductive, coaxial recommended. 


UNITRODE CORPORATION • 5 FORBES ROAD 
LEXINGTON, MA 02173 • TEL. (617) 861-6540 
TWX (710) 326-6509 • TELEX 95-1064 


6-11 


PRINTED IN U.S.A. 


POWER @ Tj = 175X 







RECTIFIERS 

Military Approved, 1 Amp, 
Fast Recovery 

FEATURES 

• Qualified to MIL-S-195()0/359 

• Surge Rating: 15A 

• PIV: to 600V 

• Controlled Avalanche 


JAN, JANTX, & JANTXV 1N4942 
JAN, JANTX, & JANTXV 1N4944 
JAN, JANTX, & JANTXV 1N4946 


DESCRIPTION 

These fast recovery rectifiers are suitable 
for use as power devices for many appli- 
cations. Devices are available as 
JAN, JANTX or JANTXV. 


ABSOLUTE MAXIMUM RATINGS 


Maximum Reverse Voltage 

Type 

200V 

400V 

600V 

JAN, JANTX, & JANTXV 1N4942 

JAN, JANTX, & JANTXV 1N4944 

JAN, JANTX, & JANTXV 1N4946 


Maximum Average D.C. Output Current 

@ T^ = 55“C 

@ T^ = 100“C 

Non-Repetitive Sinusoidal 

Surge Current (8.3ms) 

Operating Temperature Range 

Storage Temperature Range 


Thermal Resistance 


1.0A 

0.75A 

15A 

-eS^C to -}*-175°C 

-65^C to -f.l75“C 

See Lead Temperature Derating Curve 


MECHANICAL SPECIFICATIONS 



JAN, JANTX, & JANTXV 1N4942, 1N4944, 1N4946 

1 Band indicates 

i cathode end■^ 

L 155" TYP. J 028" ±.001 
n 3.9mm 0.71mm ±.03 

J / 

f 

.055" TYP, 
1.4mm 



.085" MAX. 

2.16mm 

t 


— ' 



. .700" MIN,-. 

1 2.2mm 

.250" MAX. , 



17.8mm 

6.35mm r 

1.625" MIN. 



41.3mm 
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JAN, JANTX, & JANTXV 1N4942, 1N4944, 1N4946 


ELECTRICAL SPECIFICATIONS (at 25°C unless noted) 


Type 

Peak 

Inverse 

Voltage 

Minimum 
Reverse 
Breakdown 
Voltage 
@ 50aA 

Forward 

Voltage 

Maximum 

Reverse 

Current 

Maximum 

Reverse 

Recovery 

Time* 

Capacitance 
@ Vr =: 12V 
f = IMHz 

Min. 1 Max. 

25“C 

150°C 

J, JTX, JTXV 1N4942 

200V 

220V 

0.6V 1.3Vdc 



150ns 

45pf 

J, JTX, JTXV 1N4944 

400V 

440V 


I.O/ 4 A 

200^A 

150ns 

35pf 

J, JTX, JTXV 1N4946 

600V 

660V 

@ 1 Adc 

i 


250ns 

25pf 


*Measured in circuit Ip = VzA, 1^ = l.OA, = VaIK 


Maximum Current 
vs Lead Temperature 



Typical Forward Current 
vs Forward Voltage 



0 .2 .4 .6 .8 1 1.2 1.4 

Vf — VOLTAGE (V) 



150 100 50 0 


% OF PIV 


Reverse-Recovery Circuit 

50 10 « 







“ 25 Vdc / 


PULSE 

GENERATOR 

NOTE2 

=_ (APPROX.) 

A 

- 1 fi < 

NOTE3 j 

'^OSCILLOSCOPE 

I 

-h 



- 


NOTES: 

1. Oscilloscope: Rise time st 3ns; input impedance = 50i2. 

2. Pulse Generator: Rise time cc 8ns; source impedance lOil. 

3. Current viewing resistor, non-inductive, coaxial recommended. 


Characteristic Waveform. 
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RECTIFIERS 

Military Approved, 3 Amp, 
Fast Recovery 


1N5186-1N5190 

JAN&JANTX 


FEATURES 

• Continuous Rating: 3A 

• Qualified to MIL-S-19500/424 

• PIV:to600V 

• Recovery Time: 150ns 

• Miniature Size 

• Controlled Avalanche 


DESCRIPTION 

These miniature fast recovery rectifiers 
permit operation at full power at frequen- 
cies as high as lOOkHz sine wave. 

They are qualified to military specification 
and available as JAN, JANTX or JANTXV. 


ABSOLUTE MAXIMUM RATINGS 


Peak Inverse Voltage 

Type 

lOOV 

JAN & JANTX 1N5186 

200V 

JAN&JANTX 1N5187 

400V 

JAN&JANTX 1N5188 

600V 

JAN&JANTX 1N5190 


Maximum Average D.C. Output Current 


@ T^ = 25°C 

@ T^ = 150°C 

Non-Repetitive Sinusoidal 

Surge Current (8.3ms) 
Operating Temperature Range 


Storage Temperature Range . 
Thermal Resistance 


3.0A 

0.7A 

80A 

— 65°C to +175°C 

— 65°C to -f200°C 

See Lead Temperature Derating Curve 


MECHANICAL SPECIFICATIONS 


JAN&JANTX 1N5186-1N5190 



BODY B 
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JAN, JANTX 1N5186-1N5190 


ELECTRICAL SPECIFICATIONS (at 25°C unless noted) 



Peak 

Inverse 

— 

Minimum 

Reverse 

Breakdown 

Peak 

Forward 

Voltage 

Maximum 

Reverse D.C. 

Current 
@ PIV 

Type 

Voltage 

Voltage @ lOO/xA 

Min. 

Max. 

25°C 

100“C 

J, JTX 1N5186 

J, JTX 1N5187 

lOOV 

200V 

120V 

240V 

0.9V 

1.5V 

2fi/\ 

100/zA 

J, JTX 1N5188 

400V 

480V 

@ 9A(pk) 

J, JTX 1N5190 

600V 

660V 

(8.3ms) 




Type 

Reverse 

Recovery 

Time* 

Capacitance 
@ Vr = OV 
f = lMHz 

Capacitance 
(® Vr = 4V 
f = IMHz 

J, JTX 1N5186 

150ns 

300pf 

200pf 

J, JTX 1N5187 

200ns 

300pf 

170pf 

J, JTX 1N5188 

250ns 

230pf 

120pf 

J, JTX 1N5190 

400ns 

180pf 

90pf 


*Recovery time measured from Ip = 0.5A to 1^ = l.OA, = 0.25A 


Maximum Current vs. Lead Temperature 



35 55 75 95 115 135 155 175 

T^ — LEAD TEMPERATURE (“C) 


Reverse-Recovery Circuit 

50 ft 10 ft 



NOTES: 

1. Oscilloscope: Rise time 3ns; input impedance = 50ft. 

2. Pulse Generator: Rise time 8ns; source impedance 10ft. 

3. Current viewing resistor, non-inductive, coaxial recommended. 


Typical Forward Current 



0 .2 .4 .6 .8 1 1.2 1 4 

Vp — VOLTAGE (V) 



150 100 50 0 

% OF PIV 
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RECTIFIERS 

Military Approved, Fast Recovery, 3 Amp 


1N5415-1N5420 

JAN,JANTX&JANTXV 


FEATURES 

• Qualified to MIL-S-19500/411 

• PIV; to 600V 

• Controlled Avalanche 


DESCRIPTION 

This series of devices as designed to meet 
the need for high speed, power rectifiers 
in military high-rel power supplies. 


ABSOLUTE MAXIMUM RATINGS 


Peak Inverse Voltage 

Type 

50V 

JAN, JANTX, JANTXV 1N5415 

lOOV 

JAN, JANTX, JANTXV 1N5416 

200V 

JAN, JANTX, JANTXV 1N5417 

400V 

JAN, JANTX, JANTXV 1N5418 

500V 

JAN, JANTX, JANTXV 1N5419 

600V 

JAN, JANTX, JANTXV 1N5420 


Maximum Average D.C. Output Current 

@ T^ = 55°C 3.0A 

@ = 100°C 2.0A 

Non-Repetitive Sinusoidal 

Surge Current (8.3ms) 80A 

Operating Temperature Range — 65‘’C to +175°C 

Storage Temperature Range — GS^C to +200°C 

Thermal Resistance Gjl @ L = \' 20°C/W 


See Lead Temperature 
Derating Curve 


MECHANICAL SPECIFICATIONS 


J, JTX, JTXV 1N5415-1N5420 



Dimensions in inches. 


BODY B 


( 
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ELECTRICAL SPECIFICATIONS (at 25°C unless noted) 


JAN, JANTX, JANTXV 1N5415 - 1N5420 


Type 

PIV 

Minimum 
Reverse 
Breakdown 
Voltage 
@ SOfiA 

Forward 

Voltage 

Maximum 

Reverse 

Current 

Maximum 

Reverse 

Recovery 

Time* 

Min. 1 Max. 

25*C 

100°C 

J, JTX, JTXV 1N5415 

50V 

55V 




150 

J, JTX, JTXV 1N5416 

lOOV 

llOV 




150 

J, JTX, JTXV 1N5417 

200V 

220V 

U.DV l.DVtpK/ 

1 0/iA 


150 

J, JTX, JTXV 1N5418 

400V 

440V 

@ 9Adc 


20jiiA 

150 

J, JTX, JTXV 1N5419 

500V 

550V 

tp = SOOittS j 



250 

J, JTX, JTXV 1N5420 

600V 

660V 




400 


‘Measured in circuit Ip = 0.5 A, 1^ = lA, =0.25 A. 



150 100 50 0 


°o PIV 


Q 

lU 


Maximum Current vs. Lead Temperature 



35 55 75 95 115 135 155 175 


Tl— LEAD TEMPERATURE TC) 


Typical Forward Current 
vs. Forward Voltage 




Reverse-Recovery Circuit 

50 fi 10 U 



NOTES: 

1. Oscilloscope: Rise time < 3ns; input impedance = SOW. 

2. Pulse Generator: Rise time ^ Sns; source impedance 10S2. 

3. Current viewing resistor, non-inductive, coaxial recommended. 
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RECTIFIERS 

Military Approved, 5 Amp, 
General Purpose 


1N5550-1N5553 

JANJANTX&JANTXV 


FEATURES 

• Qualified to MIL-S-19500/420A 

• Continuous Rating: 5A 

• PIV: to 800V 

• TX Parts 100% Screened 

• Miniature Size 

• Controlled Avalanche 


DESCRIPTION 

This series of military approved rectifiers 
is useful in many military applications. 
The 100% screening requirements in the 
“TX" version combined with the unique 
Unitrode construction assures the highest 
degree of reliability. 


ABSOLUTE MAXIMUM RATINGS 


Peak inverse Voltage 

Type 

200V 

JAN,'JANTX & JANTXV 1N5550 

400V 

JAN, JANTX & JANTXV 1N5551 

600V 

JAN, JANTX & JANTXV 1N5552 

800V 

JAN, JANTX & JANTXV 1N5553 


Maximum Average D.C. Output Current 

@ T^ = 55°C 

@ Tl = 55°C 

Non-Repetitive Sinusoidal 

Surge Current (8.3ms) 

Operating Temperature Range 

Storage Temperature Range 

Thermal Resistance 


3.0A 

5.0A 

lOOA 

— 65°C to +175°C 

— 65°C to +200°C 

See Lead Temperature Derating Curve 


MECHANICAL SPECIFICATIONS 


J, JTX, JTXV 1N5550-1N5553 


Band indicates ^ 

cathode end 

.175" TYP. 
4.4mm 

J .040" ± .001 

1.02mm ±.03 

.115" TYP. 
2.9mm 

□a 

a 

J" 


9^ 

1 

.145" MAX. 
3.68mm 

i 

— 

.975" MIN. 
24.8mm 

• — 

_ .105"TYP. ^ 
2.7mm 
.300" MAX. 
7.62mm 

2.30" MIN. 
58.4mm 
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JAN, JANTX, JANTXV 1N5550-1N5553 


ELECTRICAL SPECIFICATIONS (at 25‘’C unless noted) 


Type 

Peak 

Inverse 

Voltage 

Minimum 
Reverse 
Breakdown 
Voltage @ 50iuA 

Peak Forward 

Voltage 

Maximum 

Leakage 

Current 
@ PIV 

Maximum 

Reverse 

Recovery 

Time* 

Min. [ Max” 

25‘’C 

100*C 

J, JTX, JTXV 1N5550 

200V 

240V 





J, JTX, JTXV 1N5551 

400V 

460V 

0.6V 1.2V 







@ 

I.OmA 

75/iA 

2.0ms 

J, JTX, JTXV 1N5552 

600V 

660V 

Ip = 9A(pk) 







(8.3ms) 




J, JTX, JTXV 1N5553 

800V 

880V 






*Measured in a test circuit Ip =0.5A, 1^ = l.OA, = 0.25A 


Q 

lU 


Maximum Current vs. Lead Temperature 



35 55 75 95 115 135 155 175 

Tl — LEAD TEMPERATURE (°C) 



25 50 75 100 125 150 175 

Tl — LEAD TEMPERATURE (“C) 



150 100 50 0 


% OF PIV 


Typical Forward Current vs. 
Forward Voltage 



0 0.25 0.5 0.75 1.0 1.25 1.5 


Vp — FORWARD VOLTAGE (V) 


Characteristic Wave Form 



FOR 500ns/ cm 


Reverse-Recovery Circuit 

50 n 10 



NOTES: 

1. Oscilloscope: Rise time st 3ns; input impedance = 50S2. 

2. Pulse Generator: Rise time < 8ns; source impedance 10^2. 

3. Current viewing resistor, non-inductive, coaxial recommended. 
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RECTIFIERS 

standard Recovery, 1 Amp 
Military Approved 

FEATURES 

• Qualified to MIL-S-19500/427 

• PIV: to 800V 

• Controlled Avalanche 


1N5614, 1N5616, 1N5618, 
1N5620, 

JANJANTX&JANTXV 


DESCRIPTION 

This series of medium power general 
purpose rectifiers can be used in the 
most demanding military supplies. 
Rugged mechanical integrity and tight 
electrical parameters make them 
particularly useful. 


ABSOLUTE MAXIMUM RATINGS 


Peak Inverse Voltage 

Type 

200V 

400V 

600V 

800V 

JAN, JANTX & JANTXV 1N5614 

JAN, JANTX & JANTXV 1N5616 

JAN, JANTX & JANTXV 1N5618 

JAN, JANTX & JANTXV 1N5620 


Maximum Average D.C. Output Current 

@ T^ -55°C l.OA 

@ T^-100°C...., 0.75A 

Non-Repetitive Sinusoidal 

Surge Current (8.3ms) 30A 

Operating Temperature Range — 65°C to +175°C 

Storage Temperature Range — 65°C to +200°C 

Thermal Resistance Gjl @Lr=%" 38°C/W 


See Lead Temperature 
Derating Curve 


MECHANICAL SPECIFICATIONS 







JAN, JANTX, JANTXV 1N5614, 1N5616, 1N5618, 1N5620 


ELECTRICAL SPECIFICATIONS (at 25°C unless noted) 


Type 

PIV 

Minimum 
Reverse 
Breakdown 
Voltage 
@ 50/iA 

Forward 

Voltage 

Maximum 

Reverse 

Current 

Maximum 

Reverse 

Recovery 

Time* 

Min. 1 Max. 

25X 

lOOX 

J, JTX, JTXV 1N5614 

200V 

220V 





J, JTX, JTXV 1N5616 

400V 

440V 

0.8 1.3V(pk) 

0.5M 

25/iA 

2.0/xS 

J, JTX, JTXV 1N5618 

600V 

660V 

@ 3.0A 




J, JTX, JTXV 1N5620 

800V 

880V 

tp = 300/iS 





*Measured in Circuit Ip = V 2 A, 1^ = l.OA, = 1 / 4 A 


Typical Forward Voltage 
vs. Forward Current 



.2 .4 .6 .8 1 1.2 1.4 

V, — VOLTAGE (V) 



150 100 50 0 

°o PIV 


Maximum Power Dissipation 



— LEAD TEMPERATURE (X) 


Maximum Current 
vs Lead Temperature 


4 


-0 

O 

$ 

m 

73 


U1 

o 


0 


25 50 75 100 125 150 175 

J, — LEAD TEMPERATURE (X) 
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RECTIFIERS 

Military Approved, Fast Recovery, 


FEATURES 

• Qualified to MIL-S-19500/429 

• PIV: to 600V 

• Controlled Avalanche 


1N5615, 1N5617, 1N5619 
JANJANTX&JANTXV 

1 Amp 


DESCRIPTION 

This series of military approved rectifiers is 
useful in many military applications where 
fast recovery and medium power are 
required. The 100% screening requirements 
in the “TX” version combined with the 
unique Unitrode construction assures the 
highest degree of reliability. 


ABSOLUTE MAXIMUM RATINGS 


Peak Inverse Voltage 

Type 

200V 

JAN, JANTX, JANTXV 1N5615 

400V 

JAN, JANTX, JANTXV 1N5617 

600V 

JAN, JANTX, JANTXV 1N5619 


Maximum Average D.C. Output Current 

@ T^ = SS^C 1.0A 

@ T^ = 100°C 0.75A 

Non-Repetitive Sinusoidal 

Surge Current (8.3ms) 25A 

Operating Temperature Range — 65°C to +175°C 

Storage Temperature Range — 65°C to +200°C 

Thermal Resistance Gjl 38°C/W 


See Lead Temperature 
Derating Curve 


MECHANICAL SPECIFICATIONS 


J, JTX, JTXV 1N5615, 1N5617, 1N5619 


I 

.055" TYP 
1.4mm 


T 


155" TYP 

Band indicates [ 3.9mm 

cathode end' 


□ C 




.01 

♦-T' 
2 2 




71mm ±.03 




— f — 

.085" MAX. 
2.16mm 

i 
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JAN, JANTX, JANTXV 1N5615, 1N5617, 1N5619 


ELECTRICAL SPECIFICATIONS (at 25°C unless noted) 


Type 

PIV 

Minimum 
Reverse 
Breakdown 
Voltage 
(® 50/iA 

Forward 

Voltage 

Maximum 

Reverse 

Current 

Maximum 

Reverse 

Recovery 

Time* 

Capacitance 
@ V„ = 12V 
f = lMHz 

Min. 1 Max. 

25“C 

100“C 

J, JTX, JTXV 1N5615 

200V 

220V 

0.8V 1.6V (pk) 

O.SfiA 

25/zA 

150ns 

45pf 

J, JTX, JTXV 1N5617 

400V 

440V 

@ 3.0 Adc 



150ns 

35pf 

J, JTX, JTXV 1N5619 

600V 

660V 

tp zr 300/iS 


i 

250ns 

25pf 


*Measured in Circuit Ip = VzA, 1^ = lA, = y^^ 


Maximum Current vs Lead Temperature 




150 100 50 0 

% PIV 


Maximum Power 



— LEAD TEMPERATURE (°C) 


Typical Forward Voltage 
vs. Forward Current 



.2 .4 .6 .8 1 1.2 1.4 1.6 

V, — VOLTAGE (V) 


Reverse-Recovery Circuit 

50 n 10 n 



NOTES: 

1. Oscilloscope; Rise time ^ 3ns; input impedance = 50n. 

2. Pulse Generator: Rise time ^ 8ns; source impedance lon. 

3. Current viewing resistor, non-inductive, coaxial recommended. 
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RECTIFIERS 

High Efficiency, ESP, 2.5 Amp to 

FEATURES 

• Exceptional Efficiency 

• Low Forward Voltage 

• Extremely Fast Reverse Recovery Time 

• Extremely Fast Forward Recovery Time 

• High Surge 

• Small Size 

• Rugged, High Current Termination 

• Radiation Tolerant 


1N5802-1N5806 
, 1N5807-1N5811 

20 Amp 1N5812-1N5816 

DESCRIPTION 

This series of High Efficiency Power 
Rectifiers allows circuit designers to 
design high current, high frequency sup- 
plies to 500 kHz with very low diode losses. 
The high forward surge capability makes 
these devices useful In protective circuits. 


ABSOLUTE MAXIMUM RATINGS 


Peak Inverse Voltage 

2.5 Amp 

Series 

6 Amp 

Series 

20 Amp 

Series 

50V 




75V 




lOOV 




125V 




150V 

HUHESS^HHi 




Maximum Average D.C. Output Current 

@Ti = 75'C, L = H" 

@ Tc = lOO'C 

Non-Repetitive Sinusoidal 

Surge Current (8.3ms) 
Operating and Storage Temperature Range 
Thermal Resistance 2.5A and 6A Series 

20A Series 

MECHANICAL SPECIFICATIONS 


2.5 AMP 

6.0 AMP 

20 AMP 

SERIES 

SERIES 

SERIES 

2.5A 

6.0A 

20.0A 

... 35A 

125A 

250A 


-65“C to +175»C 

See Lead Temperature Derating Curve 

3.0°C/W 


1N5802-1N5806 



Typical Weight — 0.22 grams 


1N5807-1N5811 



BODY A 



BODY B 

( 



6-24 


UNITRODE 














AVERAGE RECTIFIED CURRENT (A) 


1N5802-1N5806 1N5807-1N5811 1N5812-1N5816 


MECHANICAL SPECIFICATIONS 




ELECTRICAL SPECIFICATIONS (at 25°C unless noted) 


Type 

PIV 

Maximum 

Forward 

Voltage 

Drop* 

Leakage 
Current 
@ PIV 

Maximum Reverse 
Recovery Time 

*F» *R* *REC 

Typical Forward 
Recovery Time 
@ lA Recover to IV 

Typical Forward 
Recovery 
Voltage 
(® lA tr = 8ns 

Typical Junction 
Capacitance 
@ — lOV 

25°C 

lOO’C 

1N5802 

50V 








1N5803 

75V 








1N5804 

lOOV 

.875 @ lA 

1/zA 

50/iA 

25ns, 0.5A-0.5A-0.05A 

15ns 

1.5V 

15pf 

1N5805 

125V 








1N5806 

150V 








1N5807 

50V 








1N5808 

75V 








1N5809 

lOOV 

.875 @ 4A 

5mA 

150/iA 

30ns, l.O-l.O-O.lA 

15ns 

1.5V 

45pf 

1N5810 

125V 








1N5811 

150V 








1N5812 

50V 








1N5813 

75V 








1N5814 

lOOV 

.900 @ lOA 

lO^A 

750//A 

35ns, 1.0-1.0-0.1A 

15ns 

1.5V 

200pf 

1N5815 

125V 








1N5816 

150V 









*Pulse width == 250ms 



25 50 75 100 125 150 175 

Tl — LEAD TEMPERATURE (“C) 



0 100 125 150 175 


CASE TEMPERATURE VC) 



25 50 75 100 125 150 175 


Tl — LEAD TEMPERATURE ("C) 
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POWER @ Tj = 175*C 







CURRENT (^A) U — CURRENT (A) 


1N5802-1N5806 1N5807-1N5811 1N5812-1N5816 


Typical Forward Current 
vs. Forward Voltage 



1 2 3 4 5 6 7 8 910111213 

Vf — VOLTAGE (V) 


Typical Reverse Current 
vs. Voltage 



130 120110 100 90 80 70 60 50 40 30 20 10 0 


VOLTAGE IN % OF PIV 


UNITRODE CORPORATION • 5 FORBES ROAD 
LEXINGTON, MA 02173 • TEL. (617) 861-6540 
TWX (710) 326-6509 • TELEX 95-1064 


Typical Forward Current 
vs. Forward Voltage 


Typical Forward Current 
vs. Forward Voltage 



1 2. 3 4 5 6 7. 8 910111213 
V, — VOLTAGE (V) 



1 2 3 4 5 6 7 8 9101112131415 

Vf — VOLTAGE (V) 


Typical Reverse Current 
vs. Voltage 



130120110 100 90 80 70 60 50 40 30 20 10 0 

VOLTAGE IN % OF PIV 


Typical Reverse Current 
vs. Voltage 



125 100 75 50 25 0 

VOLTAGE IN % OF PIV 
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PULSE CURRENT (A) 


1N5802-1N5806 


1N5807-1N5811 1N5812-1N5816 


Reverse-Recovery Time Circuit 



NOTES: 

1. Oscilloscope: Rise time < 3 ns; input impedance = 50 12. 

2. Pulse Generator: Rise time 8 ns; source impedance 10 12. 


Forward Pulse Current vs. Duration 



l/ULS l^s lO/iS lOO^s 1ms 10ms 

PULSE DURATION 


100 


< 

60 

ui 

O 

at 

5 40 


O 

20 


Characteristic Waveform 



SET TIME BASE 
FOR 5 NS/CM 


Multiple Surge Current vs. Duration 



Printed Circuit 


1 2 5 10 20 50 100 200 500 K)00 

CYCLES AT 60 Hz SINE WAVE 
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RECTIFIERS 

Military Approved, High Efficiency, 
2.5 Amp and 6.0 Amp 


1N5802, 1N5804, 1N5806, 
1N5807, 1N5809, 1N5811 
JANJANTX&JANTXV 


FEATURES 

• Qualified to MIL-S-19500/477 

• PIV: to 150V 

• Low Forward Voltage 


DESCRIPTION 

This series of high efficiency power 
rectifiers are particularly applicable 
to switching regulator power supplies 
where extremely fast switching and low 
forward losses are most important. 


ABSOLUTE MAXIMUM RATINGS 


Peak inverse Voltage 

2.5A Series 

6.A Series 

50V 

JAN, JANTX & JANTXV 1N5802 

JAN, JANTX & JANTXV 1N5807 

lOOV 

JAN, JANTX & JANTXV 1N5804 

JAN, JANTX & JANTXV 1N5809 

150V 

JAN, JANTX & JANTXV 1N5806 

JAN, JANTX & JANTXV 1N5811 


Maximum Average D.C. Output Current z.sa series ba series 

@ Tl = 75°C, L = 2.5A 6.0A 

@ T^ = 55°C 1.0A 3.0A 

Non-Repetitive Sinusoidal 

Surge Current (8.3ms) 35A 125A 

Operating Temperature Range 65°C to +175°C .. . 

Storage Temperature Range — 65°C to +200°C 

Thermal Resistance, Ojl (S L = 59°C/W 35.5^C/W 

See lead temperature derating curve 


MECHANICAL SPECIFICATIONS 


J, JTX, JTXV 1N5802-1N580e 


.055" TYP. 
1.4mm 


t 


OC 


br~En 


30 


— ^ — 

085" MAX. 
2.16mm 

i 


1.625" MIN. 
41.3mm 


Dimensions in inches. 


BODY A 


J, JTX, JTXV ^N5807-1N5811 



Dimensions in inches. 


BODY B 

I 



UNITRODE 
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J, JTX & JTXV 1N5802-1N5806 J, JTX & JTXV 1N5807-1N5811 


ELECTRICAL SPECIFICATIONS (at 25°C unless noted) 




Minimum 



Maximum 


Type 

PIV 

Breakdown 

Voltage 

Forward Voltage 

Reverse Current 
@ PIV 

Maximum 

Reverse 



@ 100//A 

@ 25°C 

@ lOOX 

25X 

lOOX 

Recovery Time 

J, JTX, JTXV 
1N5807 

50V 

60V 

.875V Max. 




30ns 

J, JTX, JTXV 
1N5809 

lOOV 

llOV 

@ 4A (pk) 
.925V Max. 

.8V Max. 

@ 4A (pk) 

5/iA 

150/xA 

Ip = Ir = l.OA 
= O.IA 

J, JTX, JTXV 
1N5811 

150V 

160V 

@ 6A (pk) 




di/dt = 100A/|ttS min. 

J, JTX, JTXV 
1N5802 

50V 

60V 

.875V Max. 




25ns 

J, JTX, JTXV 
1N5804 

lOOV 

llOV 

@ lA (pk) 
.975V Max. 

.8V Max. 

@ lA (pk) 

1/iA 

50/lA 

Ip = Ir =z 0.5A 
^REC ~ 0-95A 

J, JTX, JTXV 
1N5806 

150V 

160V 

@ 2.5A (pk) 




di/dt = SSAIfis min. 


Output Current vs. Lead Temperature 
IN 5807-5811 


Output Current vs. Lead Temperature 
1N5802-5806 



25 50 75 100 125 150 175 

Tl — LEAD TEMPERATURE (°C) 



Tl— lead temperature (“O 



25 50 75 100 125 150 175 

*MAX. LEAD TEMPERATURE (X) 


*Maximum lead temperature in X (Tl) at point “L” from 
body. (For maximum operating junction temperature of 
175°C with equal two-lead conditions.) 


Reverse-Recovery Circuit 



NOTES: 

1. Oscilloscope: Rise time ^ 3ns; input impedance = 50(2. 

2. Pulse Generator: Rise time ^ 8ns, • source impedance 10(2. 

3. Current viewing resistor, non-inductive, coaxial recommended. 


Characteristic Waveform 


1 


T° 


— * 


r 















V 







1 






4 








*REC 











L 




i 






— 

•r 


_J 


\ 


/ 


J 

_j 






T 


Q 











\7 

□ 






SET TIME BASE f 

FOR 5 NS/CM 
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CURRENT (A) 







RECTIFIERS 

Military Approved 
High Efficiency, 20 Amp 


FEATURES 

• Qualified to MIL-S-19500/478 

• Exceptional Efficiency 

• Mechanically Rugged 

• Low Thermal Resistance 

• JAN, JANTX and JANTXV Available 


1N5812, 1N5814, 1N5816 
JAN, JANTX & JANTXV 


DESCRIPTION 

This series is suited for use as a power 
rectifier in switching regulator and high 
frequency inverter/converter and other 
appropriate equipment circuits where low 
voltage drop and fast recovery times are 
important. 


ABSOLUTE MAXIMUM RATINGS 


Peak Inverse Voltage 

Type 

50V 

JAN, JANTX, JANTXV 1N5812 

lOOV 

JAN, JANTX, JANTXV, 1N5814 

150V 

JAN, JANTX, JANTXV 1N5816 


Maximum Average D.C. Output Current 

@ Tc = 100°C 20A 

@ Ta = 55°C 5A 

Non-Repetitive Sinusoidal 

Surge Current @ 8.3mSec 400A 

Thermal Resistance, Junction to Case 1.5°C/W 

Operating Junction Temperature — 65°C to +175°C 

Storage Ambient Temperature — 65“C to +200°C 


MECHANICAL SPECIFICATIONS 


J, JTX, JTXV 1N5812, 1N5814, 1N5816 



ins. 

mm 

A 

.078 MAX. 

1 98 MAX. 

B 

.437 ± .015 

11.10 ±0.38 

C 

405 MAX. 

10.29 MAX. 

D 

.800 MAX. 

20 32 MAX 

E 

430 ± 010 

10 92 ± 0 25 

F 

250 MAX. 

6.35 MAX 


424 MAX 

10 77 MAX. 

H 

.066 MIN DIA 

1.68 MIN. DIA. 




Notes: 

1. Polarity is cathode-to-stud. 

2. All metal surfaces tin plated. 

3. Maximum unlubricated stud torque: 15 inch pounds. 

4. Angular orientation of terminal is undefined. 
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MAXIMUM CURRENT (A) 


ELECTRICAL SPECIFICATIONS (at 25°C unless noted) 


JAN, JANTX, JANTXV 1N5812, 1N5814, 1N5816 


Type 

Peak 

Inverse 

— 

Minimum 

Reverse 

Breakdown 

Peak Forward 

Voltage 

Maximum 

Leakage 

Current 
@ PIV 

Voltage 

Voltage @ 100/iA 

@ lOApk 

@ 20Apk 

25°C 

100°C 

J, JTX, JTXV 1N5812 

50V 

60V 





J, JTX, JTXV 1N5814 

lOOV 

llOV 

.86V 

MAX. 

.95V 

MAX. 

10/xA 

750/iA 

J, JTX, JTXV 1N5816 

150V 

160V 

. 






Maximum 

Maximum 



Forward 

Forward 

Maximum 

Maximum Reverse 

Recovery 

Recovery 

Junction 

Recovery Time @ 

Time 

Voltage 

Capacitance 

If, Ir, Irec 

@ lA Recovery to IV 

@ lA tr = 8nsec 

@ -lOV 

35nsec l.OA -l.OA -O.IA 

15nsec 

2.2V 

300pf 


20 


15 


10 


I 

^ 5 


0 


Output Current 
vs. Case Temperature 



0 100 125 150 175 

CASE TEMPERATURE (°C) 


Typical Forward Current 
vs. Forward Voltage 



Typical Reverse Current 



130 120 110 100 90 80 70 60 50 40 30 20 10 0 
Vr — REVERSE VOLTAGE (% OF PIV) 


Reverse-Recovery Time Test Circuit 


+ 



t D.U.T. 



Constant current 
supply for 
'f! 

High 

ID 1 

k 

PULSE 
GENERATOR 
for Ir; 

Low Z„, Fast t^ 



N.l.^ 
(coaxial) J 

^ ^OSCILLOSCOPE 

4- 


NOTES: 

1. Oscilloscope: Rise time ^ 3 ns; input impedance = 50 tt. 

2. Pulse Generator: Rise time 8 ns; source impedance 10 1>. 


Characteristic Waveform 



trr 

r 


Ip = lA 

T° 











Irec = -'A 

J 1 



\ 










“1 

\ 















_J 






\ 



7^ 

— 

— 

— 

Ir = 1A 




\ 


I 








\ 


I 
















SET TIME BASE I 

FOR 5 NS/CM 
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POWER SCHOTTKY RECTIFIERS 

lA, Up to 40V 


1N5817 

1N5818 

1N5819 


FEATURES 

• Very Low Forward Voltage 
(0.45V max @ lA for the 1N5817) 

• Low Stored Charge, Majority Carrier 
Conduction 

• Economical, Convenient Plastic Package 

• Small Size 


DESCRIPTION 

The 1N5817, 1N5818 and 1N5819 series 
of Schottky barrier rectifiers are ideally 
suited for use as rectifiers in low voltage, 
high frequency inverters, as free wheeling 
diodes and as polarity protection diodes. 


ABSOLUTE MAXIMUM RATINGS* 

Peak Repetitive Reverse Voltage, Vrrm 

Working Peak Reverse Voltage, Vrwm 

DC Blocking Voltage, Vr 

Non-Repetiti\.e Peak Reverse Voltage, Vrsm 

RMS Reverse Voltage, Vr(rms) 

Average Recti lied Forward Current, lo 

(VR,equ.v. < 0.2 Vr(DC), Tl = 90°C, 

R^ja = 80°C/W, PC Board Mounting, 
see Note 1, Ta = 55°C) 

Ambient Temperature, Ta 

Rated Vr(DC), Prav) = 0, R^ja = 80°C/W) 

Non-Repetitive Peak Surge Current, Ifsm 

(Surge applied at rated load conditions, half-wave, 
single phase 60Flz, Tl = 70°C) 

Operating and Storage Junction Temperature Range 

(Reverse Voltage Applied) 

Peak Operating Junction Temperature, T,(pk) 

(Forward Current Applied) 

Thermal Resistance, Junction to Ambient (Note 1), R^ja 

* JEDEC registered values. 

Note 1: Lead Temperature reference is cathode lead Vaa" from case. 


1N5817 

1N5818 

1N5819 

.20V 

30V 

40V . 

.20V 

30V 

40V . 

.20V 

30V 

40V . 

.24V 

36V 

48V . 

.14V 

21V 

28V . 


l.OA 


.85°C 

80°C 

75°C. 


25A (for one cycle) 


-65°C to+125°C 

150°C 

.. 80°C/W Max.. 



MECHANICAL SPECIFICATIONS 


1N5817 1N5818 1N5819 




INCHES MILLIMETERS I 

MIN 

MAX 

MIN 

MAX 

A 

0.160 

0.260 

4.06 

6.60 

B 

0.110 

0.120 

2.79 

3.05 

D 

0.030 

0.034 

0.76 

0.86 

K 

1.0 

- 

25.4 

- 


Soldering 220°C, Vie" from case for ten seconds 



4/82 
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1N5817 1N5818 1N5819 


ELECTRICAL CHARACTERISTICS (Tl = 25°C unless noted)* 


CHARACTERISTIC 

SYMBOL 

1N5817 

1N5818 

1N5819 

UNITS 

CONDITIONS 

Maximum Instantaneous 

Forward Voltage (Note 2) 

Vf 

0.450 

0.550 

0.600 

V 

If = l.OA 

0.750 

0.875 

0.900 

V 

If = 3.0A 

Maximum Instantaneous 

Reverse Current @ Rated 

DC Voltage (Note 2) 

in 

1.0 

1.0 

1.0 

mA 

Tu = 25‘’C 

10 

10 

10 

mA 

Tu = lOOX 


* JEDEC registered values. 

Note 2: Pulse width = 300/^s: duty cycle = 2%. 


Typical Reverse Current 
vs Reverse Voltage 



Typical Forward Voltage vs 
Forward Current (1N5817) 



Vr - REVERSE VOLTAGE (% of Vrwm) 


Vf - FORWARD VOLTAGE (V) 


Typical Forward Voltage vs 
Forward Current (1N5818, 1N5819) 



Vf - FORWARD VOLTAGE (V) 


Output Current vs 
Lead Temperature (L = %") 



65 75 85 95 105 115 125 

Tu - LEAD TEMPERATURE (°C) 
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POWER SCHOTTKY RECTIFIERS 

3 A, Up to 40V 


1N5820 

1N5821 

1N5822 


FEATURES 

• Very Low Forward Voltage 
(0.475V max @ 3A for the 1N5820) 

• Low Stored Charge, Majority Carrier 
Conduction 

• Economical, Convenient Plastic Package 

• Small Size 


DESCRIPTION 

The 1N5820, 1N5821 and 1N5822 series 
of Schottky barrier rectifiers are ideally 
suited for use as rectifiers in low voltage, 
high frequency inverters, as free wheeling 
diodes and as polarity protection diodes. 


ABSOLUTE MAXIMUM RATINGS* 

Peak Repetitive Reverse Voltage, Vrrm 

Working Peak Reverse Voltage, Vrwm 

DC Blocking Voltage, Vr 

Non-Repetitive Peak Reverse Voltage, Vrsm 

RMS Reverse Voltage, Vr(rms) 

Average Rectified Forward Current, lo 

(VR,ec,u.v) < 0.2 Vr(DC), Tl = 95°C, 

R^ja = 28°C/W, PC Board Mounting, 
see Note 1, Ta = 55°C) 

Ambient Temperature, Ta 

( Rated Vr(DC), Pf<av) = 0, R^ja = 28°C/W) 

Non-Repetitive Peak Surge Current, Ifsm 

(Surge applied at rated load conditions, half-wave, 
single phase 60Hz, Tl = 75°C) 

Operating and Storage Junction Temperature Range, 

(Reverse Voltage Applied) 

Peak Operating Junction Temperature, T,(pk) 

(Forward Current Applied) 

Thermal Resistance, Junction to Ambient (Note 1), R^ja 

* JEDEC registered values. 

Note 1: Lead Temperature reference is cathode lead Vaa" from case. 


1N5820 

1N5821 

1N5822 

.20V 

30V 

40V . 

.20V 

30V 

40V . 

.20V 

30V 

40V . 

.24V 

36V 

48V . 

.14V 

21V 

28V . 


3.0A 


. .90°C 

85°C 

80°C. 


80A (for one cycle) 


-65'*C to +125‘’C 

150°C 

. 28°C/W Max. . 


MECHANICAL SPECIFICATIONS 


1N5820 1N5821 1N5822 


*— K- 




INCHES 

MILLIMETERS 

MIN 

MAX 

MIN 

MAX 

A 

0.160 

0.260 

4.06 

6.60 

B 

0.110 

0.120 

2.79 

3.05 

D 

0.030 

0.034 

0.76 

0.86 

K 

1.0 

- 

25.4 

- 


Soldering: 220°C, Vie" from case for ten seconds 
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1N5820 1N5821 1N5822 


ELECTRICAL CHARACTERISTICS (Tl = 25°C unless noted)* 


CHARACTERISTIC 

SYMBOL 

1N5820 

1N5821 

1N5822 

UNITS 

CONDITIONS 

Maximum Instantaneous 

Forward Voltage (Note 2) 

Vf 

0.475 

0.500 

0.525 

V 

ip = 3.0A 

0.850 

0.900 

0.950 

V 

ip = 9.4A 

Maximum Instantaneous 

Reverse Current @ Rated 

DC Voltage (Note 2) 

in 

2.0 

2.0 

2.0 

mA 

Tl = 25°C 

2.0 

2.0 


mA 

Tl = lOOX 


* JEDEC registered values. 

Note 2; Pulse width = SOO^is; duty cycle = 2% 


Typical Reverse Current 
vs Reverse Voltage 



0 10 20 30 40 50 60 70 80 90 100 


Vr - REVERSE VOLTAGE (% of Vrwm) 


Typical Forward Voltage 
vs Forward Current 



Output Current vs 
Case Temperature (L = %") 



65 75 85 95 105 115 125 

Tt - LEAD TEMPERATURE (°C) 
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POWER SCHOTTKY RECTIFIERS 

50 Amp, 30 and 40 Volts 


1N6097 

1N6098 


FEATURES 

• Very Low Forward Voltage 

• Low Recovered Charge 

• Rugged Package Design (DO-5) 

• Low Thermal Resistance 

• High Surge Current 

• Reverse Energy Tested (2A pk) 


DESCRIPTION 

Unitrode’s series of Schottky barrier power rectifiers is ideally suited for output 
rectifiers and catch diodes in low voltage power supplies. The Unitrode high 
conductivity design, using a heavy copper top post and 4 point crimp, ensures cool 
thermal operation and low dynamic impedance. Rugged design absorbs stress that 
can damage glass-to-metal seal during installation and use. 


ABSOLUTE MAXIMUM RATINGS 

Working Peak Reverse Voltage, 

DC Blocking Voltage, Vr 

Repetitive Peak Reverse Voltage, V^^^, .. 
Non-repetitive Peak Reverse Voltage, V^sm 
A verage Rectified Forward Current, Iq 

Non-repetitive Peak Surge Current (8.3 mS), Ips^ 
Storage Temperature Range, 

Peak Operating Junction Temperature, T^pi^j 
Thermal Resistance Junction to Case, Rqjc 


1N6097 

.30V 

..30V 

.30V 

.,36V 

50A (Tc = 70°C) , 

20A (Tc = 105“ C) 

800A 

-65to + 125°C.. 

+150°C 

PC/WMax. .... 


1N6098 

.40V 

..40V 

.40V 

.48V 


ELECTRICAL CHARACTERISTICS (Tcase == 25“C) 


Characteristic 

Symbol 

Both Types 

Units 

Conditions 

Maximum Instantaneous 

Reverse Current 

^RM 

250 

mA 

Vrwm = Rated, 

Tc = 125°C 

Pulse Width = 300/iS, 

Duty Cycle ^ 2 percent 

Maximum Reverse Current 

Ir 

250 

mA 

Vr = Rated, Tc= 115°C 

Maximum Instantaneous 

Forward Voltage 

VpM 

0.86 

V 

lo = 50A* 

Tc = 70°C 

VpM 

0.60 

V 

Ip = lOA 

Pulse Width 300;tis 

Duty Cycle < 2 percent 

Capacitance 

Ct 

7000 

pF 

11 

o 

< 


MECHANICAL SPECIFICATIONS 




Notes: 

1. Cathode is stud. 

2. Maximum uniubricated stud torque: 30 inch pounds. 

3. Anguiar orientation of terminai is undefined. 

4. Maximum tension (90®) anode terminal 15 pounds for 30 seconds. 
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1N6097, 1N6098 


Typical Forward Current 
vs Forward Voltage 



0 1 .2 .3 ,4 .5 .6 7 8 .9 1.0 


Typical Reverse Current 



0 10 20 30 40 50 


Vf-FORWARD voltage (V) 


Vr-REVERSE voltage (V) 


MECHANICAL SPECIFICATIONS 

FLEXIBLE TOP LEAD (OPTIONAL) 1N6097, 1N6098 

Add an “F” Suffix to Part Number. 



*To 125'’C (Ambient) 



INCHES 

MILLIMETERS 

M 

718 MAX, 

18 24 MAX. 

N 

4 50 ± 250 

114 3 ± 6.35 

P 

525 MAX. 

13.23 MAX. 

Q 

675 ± 035 

17 15 ± 0.89 

R 

205 ± 005 

521 ± 0 13 

S 

.075 ± 010 

1 91 ± 0 25 

T 

1 125 MAX 

28 58 MAX 



Note; Consult Factory for Non-standard Lead Lengths 
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RECTIFIERS 

High Efficiency, 70A 


1N6304-1N6306 
JAN, JANTX, JANTXV 


FEATURES 

• High Continuous Current Rating 

• Very Low Forward Voltage 

• Very Fast Switching Speeds 

• High Surge Capability 

• Low Thermal Resistance 

• Mechanically Rugged 

• Both Polarities Available 

• Qualified to MlL-S-19500/550 


DESCRIPTION 

The 1N6304 Series is specifically designed 
for operation in power switching circuits 
operating at frequencies of at least 
20KHz. The very low forward voltage and 
very fast recovery time make them par- 
ticularly suited for switching type power 
supplies. 


ABSOLUTE MAXIMUM RATINGS 

Peak Inverse Voltage, 1N6304 

Peak Inverse Voltage, 1N6305 

Peak Inverse Voltage, 1N6306 

Maximum Average D.C. Output Current at Tc = 100°C — 

Non-Repetitive Sinusodal Surge Current 8.3ms 

Thermal Resistance, Junction to Case 

Operating and Storage Temperature Range 

Operating and Storage Temperature Range (JEDEC types) 


POWER CYCLING 

These devices possess the unique ability to pass many thousands 
of cycles of a stress test designed to evaluate the integrity of the 
bonding systems used in the construction of power rectifiers. 

In this stress test, the case of the device is not heat sunk. Full rated 
forward current is supplied to force a case temperature increase at 
least 75°C, at which time, the current is removed and the case 
allowed to cool. The cycle is repeated a minimum of 5,000 times to 
simulate equipment being turned on and off. Extended power cycling 
tests demonstrate a product capability in excess of 25,000 cycles. 


50V 

lOOV 

150V 

70A 

800A 

0.8°C/W 

-65°C to +175°C 
-55‘’C to +175°C 


SWITCHING CHARACTERISTICS 

The switching times of these ultra-fast rectifiers increase relatively 
little, with temperature or at different currents. Even in severe 
applications, such as catch diodes for switching regulators and 
output rectifiers for high frequency square wave inverters, these 
devices switch many times faster than the fastest associated 
transistors. Thus, the stresses on and powers dissipated in the 
switching transistors are substantially less than when using other 
rectifiers. 


MECHANICAL SPECIFICATIONS 


1N6304-1N6306 




Notes: 

1. Standard polarity is cathode-to-stud. 

For reverse polarity (anode-to-stud) add suffix “R”, ie. 1N6304R. 

2. All metal surfaces tin plated. 

3. Maximum unlubricated stud torque: 20 inch pounds (20 kg. cm). 

4. Angular orientation of terminal is undefined. 
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JAN, JANTX, JANTXV 1N6304-1N6306 


ELECTRICAL SPECIFICATIONS 


Type 

Vr 

Maximum 

Forward Voltage 

Vf 

Maximum 

Reverse Current 

Ir 

Maximum 

Reverse 

Recovery 

Time 

trr 

Tc = 25°C 

Tc = 150°C 

Tc = 25°C 

Tc = 150°C 

1N6304 

1N6305 

1N6306 

50V 

lOOV 

150 V 

.975V 

@ 

70A 

tp = 300/iS 

.840V 

@ 

70A 

tp = 300/iS 

25/7A 

30mA 

50ns 

lA-lA-O.lA 

J, JTX, JTXV 1N6304 

J, JTX, JTXV 1N6305 

J, JTX, JTXV 1N6306 

50V 

lOOV 

150 V 

.975V 

@ 

70A 

tp = 300//S 

.840V 

@ 

70A 

tp = 300/iS 

25/jA 

30mA 

50ns”’ 

1.18V 

@ 

150 A 

tp = 300/js 

60ns‘^’ 


If = 0.5A, Ir = lA, Irec = 0.25A, di/dt = 85A//us (min.). 
Ifm = 70A, di/dt = 130A/yus. 


Type 

Vr 

Maximum 

Forward Recovery 

Time 

Maximum 

Forward 

Voltage 

Maximum 

Junction 

Capacitance 

J, JTX, JTXV 1N6304 

J, JTX, JTXV 1N6305 

J, JTX, JTXV 1N6306 

50V 

lOOV 

150 V 

15ns 

Ifm = lA, tr = 8ns 

2.2V 

Ifm “ lA, tr — 8ns 

@ -lOV 
600pF 


Output Current vs. 
Case Temperature 



100 125 150 175 

Tc — CASE TEMPERATURE ("C) 


Peak Output Current vs. 
Case Temperature 



100 120 140 160 180 

Tc - CASE TEMPERATURE (°C) 
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JAN, JANTX, JANTXV 1N6304-1N6306 


Forward Current Typical Reverse Current 



0 0.2 0.4 0.6 0 8 1.0 1.2 1.4 



Vf - FORWARD VOLTAGE (V) 130 120 110 100 90 80 70 60 50 40 30 20 10 0 

VOLTAGE IN % OF PIV 


Maximum Forward Surge 
vs. Number of Cycles 



N — CYCLES OF 60 Hz SINEWAVE 



.01.02 .05.1 .2 .5 1 2 5 10 20 50100 200 1000 

tp — PULSE WIDTH (mS) 


Reverse- Recovery Circuit 


+ 


; 

ID. U. T. 



Constant current 
supply for 

If; 

High Zo 



PULSE 
GENERATOR 
for Ir; 

Low Zc , Fast t 



N.l.< 
(coaxial) J 

: WOSCILLOSCOPE 

+ 



j 

c 




NOTES: 

1. Oscilloscope: Rise time < 3ns; input impedance = 500. 

2. Pulse Generator: Rise time < 8ns; source impedance = lOO. 

3. Current viewing resistor, non-inductive, coaxial recommended. 


Characteristic Waveform 



SET TIME BASE 
FOR 5 NS/CM 
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POWER SCHOTTKY RECTIFIERS 

50A Pk, 45V 


1N6391 

JAN, JANTX, JANTXV 


FEATURES 

• Very Low Forward Voltage 

• Low Recovered Charge 

• Rugged Package Design (DO-4) 

• High Efficiency for Low Voltage Supplies 

• 45V Blocking @ Rated T,max 

• 54V Repetitive Surge Voltage 

• Qualified to MIL-S-19500/553 


DESCRIPTION 

The 1N6391 has a Schottky barrier 
junction and is ideally suited for output 
rectifiers and catch diodes in low voltage 
power supplies. Rugged design absorbs 
stress that can damage glass-to-metal seal 
during installation and use. 


ABSOLUTE MAXIMUM RATINGS 

Working Peak Reverse Voltage, Vrwm 45V 

DC Blocking Voltage, Vr 45V 

Peak Repetitive Surge Voltage, Vrsm @ Irm 54V 

Average Rectified Forward Current, lo @ Tc = 125®C "25A 

Peak Repetitive Forward Current 

(Rated Vr, Square Wave, 20kHz, 50% Duty Cycle), 

Ifrm@Tc=125X 50A 

Non-Repetitive Peak Surge Current (8.3ms), Ifsm 600A 

Peak Reverse Transient Current, Irm 2A 

Operating and Storage Temperature Range -55°C to +175®C 

Thermal Resistance, Junction to Case, R^jc 2.0°C/W 


MECHANICAL SPECIFICATIONS 


JAN, JANTX, JANTXV 1N6391 





INCHES 

MILLIMETERS 

A 

.078 MAX. 

1.98 MAX. 

B 

.437 ± .015 

11.10 ±0.38 

C 

.405 MAX. 

10.29 MAX. 

_D 

.800 MAX. 

20.32 MAX. 

_E_ 

.430 ± .010 

10.92 ± 0.25 


.250 MAX. 

6.35 MAX. 


.424 MAX. 

10.77 MAX. 

H 

.066 MIN. DIA. 

1.68 MIN. DIA. 



NOTES: 

1. Cathode is stud. 3. Maximum unlubricated stud torque; 10 inch pounds. 

2. All metal surfaces tin plated. 4. Angular orientation of terminal is undefined. 
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JAN, JANTX, JANTXV 1N6391 


ELECTRICAL CHARACTERISTICS (Tcase = 25°C) 


Characteristic 

Symbol 

Limit 

Units 

Conditions 

Maximum Instantaneous 

iR 

15 

mA 

Tc = 25°C, Vr = Vrwm 

Reverse Current 


40 

mA 

Tc = 125°C 



40 

mA 

Tc = 175°C 

Pulse Width = 400//S 

Duty Cycle = 1% 

Maximum Instantaneous 

Vf 

0.44 

V 

If = 5A, Tc = 25°C 

Forward Voltage 


0.68 

V 

If = 50A, Tc = 25°C 

Pulse Width = 300/js 

Duty Cycle = 1% 

Capacitance 

Ct 

2000 

PF 

Vr = 5.0V 


Typical Forward Current 
vs Forward Voltage 



' 0 0 2 0 4 0 6 0.8 1.0 


Typical Reverse Current 
vs Reverse Voltage 



0 20 40 60 80 100 120 


Vf - VOLTAGE (V) 


% OF Vr 



-50 -25 0 25 50 75 100 125 150 175 

CASE TEMPERATURE (°C) 
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POWER SCHOTTKY RECTIFIERS jantxv 

120A Pk 


FEATURES 

• Very Low Forward Voltage (0.6 at 60A, 125®C) 

• Low Recovered Charge 

• Rugged Package Design (DO-5) 

• High Efficiency for Low Voltage Supplies 

• Low Thermal Resistance (1.0®C/W) 

• High Surge Current (800A) 

• Low Reverse Current (60mA at rated Vr at 125®C) 

• Qualified to MIL-S-19500/554 


ABSOLUTE MAXIMUM RATINGS 

Working Peak, Reverse Voltage, Vrwm 45V 

DC Blocking Voltage, Vr 45V 

Peak Repetitive Surge Voltage, Vrsm @ Irm 54V 

Peak Repetitive Forward Current 

(Rated Vr, Square Wave, 20kHz, 50% Duty Cycle), Ifrm 120A (at Tc = 115°C) 

Average Rectified Forward Current, Irav) 60A (at Tc = 115°C) 

Non-Repetitive Peak Surge Current (8.3ms), Ifsm 800A 

Peak Reverse Transient Current, Irm 2A 

Operating and Storage Temperature Range -55®C to +175°C 

Thermal Resistance, Junction to Case, Rejc 1.0®C/W 


MECHANICAL SPECIFICATIONS 


JAN, JANTX, JANTXV 1N6392 




INCHES 

MILLIMETERS 

A 

.225 ± .005 

5.72 ± 0.13 

B 

.060 MIN. 

1.52 MIN. 

C 

.156 ± .020 

3.96 ± 0.51 

D 

.156 MIN. FLAT 

3.96 MIN. FLAT 

E 

.667 DIA. MAX. 

16.94 DIA. MAX. 

F 

.090 MAX. 

2.29 MAX. 

_G_ 

.677 ± .010 

17.20 ± 0.25 


.375 MAX. 

9.53 MAX. 

J_ 

.140 MIN. DIA. 

3.56 MIN DIA. 

Ji 

1.000 MAX. 

25.40 MAX. 

_L 

.450 MAX. 

11.43 MAX. 

-M- 

.438 ± .015 

11.13 ±0.38 

N 

.078 MAX. 

1.98 MAX. 


NOTES: 

1. Cathode is stud. 3. Maximum unlubricated stud torque: 30 inch pounds (35 kg. cm). 

2. All metal surfaces tin plated. 4. Angular orientation of terminal is undefined. 
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DESCRIPTION 

The 1N6392 Schottky barrier power recti- 
fier is ideally suited for output rectifiers 
and catch diodes in low voltage power 
supplies. The Unitrode high conductivity 
design, using a heavy copper top post and 
4 point crimp, ensures cool thermal 
operation and low dynamic impedance. 
Rugged design absorbs stress that can 
damage glass-to-metal seal during 
installation and use. 


DO-5 





JAN, JANTX, JANTXV 1N6392 


ELECTRICAL CHARACTERISTICS (Tcase = 25°C) 


Characteristic 

Symbol 

Limit 

Units 

Conditions 

Maximum Instantaneous 

in 

20 

mA 

Vr = Vrwm 

Reverse Current 


60 

mA 

Tc = 125°c 



600 

mA 

Tc= 175°C 

Pulse Width = AOO/js 

Duty Cycle = 1% 

Maximum Instantaneous 

Vf 

0.47 

V 

If = lOA, Tc = 25‘’C 

Forward Voltage 


0.68 

V 

If = 60A, Tc = 25°C 



0.82 

V 

If = 120A, Tc = 125°C 

Pulse Width = 300/js 

Duty Cycle = 1% 

Maximum Capacitance 

Ct 

3000 

pF 

Vr = 5.0V 


Typical Forward Current 
vs Forward Voltage 



0 .1 2 3 4 5 .6 ,7 .8 9 1.0 


Typical Reverse Current 



0 10 20 30 40 50 60 70 80 90 100 


Vf-FORWARD voltage (V) 


Vr- REVERSE VOLTAGE (% of Vrwm) 


Maximum Current 
vs Case Temperature 



100 125 150 175 

Tc - CASE TEMPERATURE (“C) 



-50 -25 0 25 50 75 100 125 150 175 


CASE TEMPERATURE (°C) 
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POWER SCHOTTKY RECTIFIERS 

120 Amp Pk, 45V 


FEATURES 

• Very Low Forward Voltage 

• Low Recovered Charge 

• Rugged Package Design (DO-5) 

• High Efficiency for Low Voltage Supplies 

• Available with Flexible Top Lead 


DESCRIPTION 

The SD51 has a Schottky barrier 
junction and is ideally suited for out- 
put rectifiers and catch diodes in low 
voltage power supplies. The Unitrode 
high conductivity design, using a heavy 
copper top post and a 4 point crimp, 
ensures cool terminal operation and 
low dynamic impedance. Rugged 
design absorbs stress that can damage 
glass-to-metal seal during installation 
and use. 


ABSOLUTE MAXIMUM RATINGS (Tcase = 25‘’C) 


Peak Repetitive Reverse Voltage, Vrrm 45V* 

Working Peak Reverse Voltage, Vrv^^ 35V* 

Peak Repetitive Forward 

Current (Rated Vr, Square Wave, 20 KHz, 

50 percent Duty Cycle), IpR,^ 120A 

Non-repetitive Peak 

Surge Current (8.3 mS), Ips^^ 800A 

Peak Reverse Transient Current, Irm 2A 

Storage Temperature Range, T^^g — SS^C to +165°C 

Junction Operating Temperature Range, Tj — SS^C to +150°C 

Thermal Resistance, Junction-to-Case, Rqjc 1.0°C/W 


*See curve of Vrrm Rating vs Case Temperature 


MECHANICAL SPECIFICATIONS 


SD51 





Notes: 

1. Cathode is stud. 

2. All metal surfaces tin plated. 

3. Maximum unlubricated stud torque: 30 inch pounds (35 kg. cm). 

4. Angular orientation of terminal is undefined. 
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SD51 


ELECTRICAL CHARACTERISTICS (Tc^se = 25°C) 


Characteristic 

Symbol 

Limit 

Units 

Conditions 

Maximum Instantaneous 

•r 

50 

mA 

Tc = 25°C, Vr = 35V 

Reverse Current 


200 

mA 

Tc= 125°C 

Pulse Width = 400//S 

Duty Cycle = 1 percent 

Maximum Instantaneous 
Forward Voltage 

Vp 

0.60 

V 

ip = 60A 

T, = 125°C 

1 

Flexible Top Lead Option 

Vp 

0.65 

V 

Pulse Width = SOO^aS 

Duty Cycle = 1 percent 

Maximum Capacitance 

Ct 

4000 

PF 

V, zz: 5.0V 

Maximum Voltage 

Rate of Change 

dv/dt 

700 

y/fiS 

V, = 35V 


Vrrm Rating vs 
Case Temperature 



-50 0 25 75 125 150 


Typical Forward Current 
vs Forward Voltage 



0 1 2 .3 .4 .5 .6 .7 8 .9 1.0 


Typical Reverse Current 



0 10 20 30 40 50 


CASE TEMPERATURE (°C) 


Vf-FORWARD voltage (V) 


Vr-REVERSE voltage (V) 


MECHANICAL SPECIFICATIONS 


FLEXIBLE TOP LEAD (OPTIONAL) SD51 F 

Add an “F” Suffix to Part Number. 




INCHES 

MILLIMETERS 

M 

,718 MAX 

18.24 MAX. 

N 

4 50 ± 250 

114 3 ±635 

P 

.525 MAX. 

13 23 MAX 

_Q_ 

675 ± 035 

17.15 ±089 

R 

205 ± 005 

521 ± 0 13 

s 

075 ± 010 

191 ± 0.25 

T 

1 125 MAX 

28 58 MAX 


Lead 

*To 125°C (Ambient) 

Note: Consult Factory for Non-standard Lead Lengths. 
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DUAL POWER SCHOTTKY RECTIFIERS 

30 Amp Pk per diode, 45V 


SD241 


FEATURES 

• Very Low Forward Voltage 

• Low Recovered Charge 

• Rugged Packaged Design (TO-3) 

• High Efficiency for Low Voltage Supplies 

• Dual Schottky Rectifiers in a Single Package 


DESCRIPTION 

The SD241 has two Schottky barrier 
junctions arranged in a common cath- 
ode configuration and is ideally suited 
for output rectifiers and catch diodes 
in low voltage supplies. 


ABSOLUTE MAXIMUM RATINGS (Tcase = 25X) Per Diode 

Peak Repetitive Reverse Voltage, Vrrm 45V* 

Working Peak Reverse Voltage, Vrwm 35V 

Average Rectified Forward Current, lo 30A 

Non-repetitive Peak 

Surge current (8.3 mS), Ifsm 400A 

Peak Reverse Transient Current, Irm 2A 

Storage Temperature Range, Tstg -55°C to +175°C 

Junction Operating Temperature Range, Tj -55“C to +150°C 

Package Thermal Resistance, Junction to Case, R^jc 1.4°C/W 

* See curve of Vrrm Rating vs Case Temperature. 


MECHANICAL SPECIFICATIONS 


NOTE: 

Leads may be soldered to within 
Vie" of base provided temperature- 
time exposure is less than 260°C 
for 10 seconds. 


A 




CASE (CATHODE) 


SD241 




ins. 

mm. 

A 

.875 MAX. 

22 23 MAX. 

B 

135 MAX. 

3.43 MAX. 

c 

250-.450 

6.35-11.43 

D 

312 MIN. 

7.92 MIN. 

E 

.038- 043 DIA. 

0.97-1.09 DIA. 

F 

188 MAX. RAD. 

4.78 MAX. RAD. 

G 

1.177-1.197 

29.90-30.40 

H 

.655-.675 

16.64-17.15 

J 

.205-225 

5.21-5.72 

K 

.420- .440 

10.67-11.18 

L 

525 MAX. RAD. 

13.34 MAX. RAD. 

M 

.151-161 DIA. 

3.84-4.09 DIA. 



Notes: All metal surfaces tin plated. 
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FORWARD CURRENT (A) 


liKel 


ELECTRICAL CHARACTERISTICS = 25 C) Per Diode 


Characteristic 

Maximum Instantaneous 
Reverse Current 


Maximum Instantaneous 
Forward Voltage 


Tc = 25°C, Vr = 35V 
Tc = 125°C 
Pulse Width = 400^5 
Duty Cycle = 1 percent 

____ 

Pulse Width = 300/xS 
Duty Cycle = 1 percent 
T, = 125°C 

ip = 20A 

Pulse Width = 300/xS 
Duty Cycle = 1 percent 
r rr 125°C 


Maximum Capacitance 


Maximum Voltage Rate of Change 


Typical Forward Current 
vs Forward Voltage 



r/MfIfllll 


0 .1 .2 .3 .4 .5 .6 .7 .8 .9 1.01.11.21.31,4 
Vp— FORWARD VOLTAGE (V) 


Vrrm Rating vs 
Case Temperature 



Typical Reverse Current 
vs Reverse Voltage 



0 5 10 15 20 25 30 35 40 45 
Vr-REVERSE voltage (V) 


TEMPERATURE (X) 
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RECTIFIERS 

High Efficiency, 2A 


SES5001-SES5003 


FEATURES 

• Fast Recovery Times 

• Low Forward Voltage 

• Smali Size 

• Convenient Package 


DESCRIPTION 

An axial leaded power rectifier useful 
in many switching applications. 
Particularly suited where very fast 
recovery and low forward voltage are 
required. 


ABSOLUTE MAXIMUM RATINGS 


Peak Inverse Voltage, SES5001 50V 

Peak Inverse Voltage, SES5002 100V 

Peak Inverse Voltage, SES5003 150V 

Maximum Average D.C. Output Current atTL = 75°C, L = 3/8" 2A 

Non-Repetitive Surge Current at 8.3mS 35A 

Thermal Resistance, @ L = 3/8" 38°CI\N 

Operating and Storage Temperature Range -55°C +175X 


ELECTRICAL SPECIFICATIONS 


Type 

PIV 

Maximum 

Forward Voltage (Vp) 

Maximum 

Reverse Current (Ir) 

@PIV 

Maximum 

Reverse 

Recovery 

Time* 

Tj = 25°C 

Tj = 100®C 

@ Tj = 25‘»C 

@ Tj = 100°C 

SES5001 

50V 

.975V 

.895V 




SES5002 

100 V 

@ 

@ 

2mA 

50mA 

lOOnS 

SES5003 

150 V 

1A 

1A 





‘Measured in circuit ip = .5A, Ir = 1.0A, Irec = -SSA 


MECHANICAL SPECIFICATIONS 


SES5001-SES5003 


BODY A1 


1.0 mm 
|'*^25.4mm 


t 

.028 ± .001 
.071mm ± .03 


t 


085 max 
2 16mm 

_L 


.170 max 

4 32mm *”1 


0 
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PULSE CURRENT (A) 


SES6001-SES5003 


Output Current 
vs. Lead Temperature 



25 50 75 100 125 150 175 

— LEAD TEMPERATURE {°C) 


Typical Forward Current 
vs. Forward Voltage 



Typical Reverse Current 



120 100 80 60 40 20 0 


VOLTAGE IN % OF PIV 


Forward Pulse Current 
vs. Duration 


10,000 

5.000 

1.000 
500 

100 

50 

10 



PULSE DURATION 


Multiple Surge Current 
vs. Duration 



1 2 5 10 20 50 100 200 500 1000 

CYCLES AT 60 Hz SINE WAVE 


Reverse-Recovery Circuit 


50 <> 10 o 



NOTES: 

1. Oscilloscope; Rise timeOnS; input impedance = 50Q. 

2. Pulse Generator: Rise time<8nS; source impedance 10Q. 

3. Current viewing resistor, non-inductive, coaxial recommended. 
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RECTI FI ERS SES5301-SES5303 

High Efficiency, 5A 


FEATURES 

• Low Forward Voltage 

• Fast Recovery Times 

• Small Size 

• High Surge 


DESCRIPTION 

An axial leaded power rectifier useful 
in many switching applications. 
Particularly suited where very fast 
recovery and low forward voltage are 
required. 


ABSOLUTE MAXIMUM RATINGS 


Peak Inverse Voltage, SES5301 50V 

Peak Inverse Voltage, SES5302 100V 

Peak Inverse Voltage, SES5303 150V 

Maximum Average D.C. Output Current at Tl= 75°C, L = 3/8" 5A 

Non-Repetitive Sinusoidal Surge Current at 8.3mS 1 10A 

Thermal Resistance at L =3/8" .20‘’C/W 

Operating and Storage Temperature Range - 55 °C to + 1 70 °C 


ELECTRICAL SPECIFICATIONS 


Type 

PIV 

Maximum 

Forward Voltage (Vp) 

@ 

Maximum 

Reverse Current (Ir) 

@PIV 

Maximum 

Reverse 

Recovery 

Time* 

Tj = 25®C 

Tj = 100®C 

@Tj = 25®C 

@Tj = 100®C 

SES5301 

50V 

0.975V 

0.895V 




SES5302 

100 V 

@ 

@ 

SixA 

150mA 

100 ns 

SES5303 

150 V 

5A 

5A 





‘Measured in circuit If = 0.5A, Ir = 1.0A, 1rec = 0-25A 


MECHANICAL SPECIFICATIONS 


1 1.0 min 

U — 25.4mm ► 

1 1 

SES5301-SES5303 


... , .145 max 

■ f 

.040 ± .001 
i.02mm ± .03 


3.68mm 

,, .200 max ^ 

5.08mm 
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CURRENT (A) 


SES5301-SES5303 


Output Current 




25 50 75 100 125 150 175 

— LEAD TEMPERATURE (X) 


.1 .2 .3 .4 .5 .6 .7 .8 .9 1.0 1.11.21.3 
V, — VOLTAGE (V) 


Typical Reverse Current 



120 100 80 60 40 20 0 

VOLTAGE IN % OF PIV 



.1mS 1hS 10fiS 100(iS 1mS 10mS 

PULSE DURATION 



1 2 5 10 20 50 100 200 500 1000 

CYCLES AT 60 Hz SINE WAVE 


Reverse-Recovery Circuit 


50 n 10 u 



NOTES: 

1. Oscilloscope: Rise time ^3nS; input impedance = 50fi. 

2. Pulse Generator: Rise time <8nS; source impedance 10^2. 

3. Current viewing resistor, non-inductive, coaxial recommended. 
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RECTIFIERS 

High Efficiency, 8A 


SES5401-SES5404 


FEATURES 

• Low Forward Voltage 

• Fast Recovery Times 

• Economical, Convenient TO-220 Package 

• Low Thermal Resistance 

• Mechanically Rugged 

• PiVupto 200V 

ABSOLUTE MAXIMUM RATINGS 

Peak Inverse Voltage, SES5401 

Peak Inverse Voltage, SES5402 

Peak inverse Voltage, SES5403 

Peak Inverse Voltage, SES5404 

Maximum Average D.C. Output Current 

@Tc = 125 "C 

@Ta = 25”C 

@Ta = 25 “C (Note 1) 

Non-Repetitive Sinusoidal Surge Current, 8.3mS 

Thermal Resistance, Junction to Case,0j.c 

Thermal Resistance, Junction to Ambient, 0 j.a 

Operating and Storage Temperature Range 


DESCRIPTION 

The SES5401 Series, in the economical, 
convenient TO-220 package, is specifically 
designed for operation in power switching 
circuits to frequencies in excess of 
100kHz. The very low forward voltage and 
very fast recovery time make them 
particularly suited for switching type 
power supplies. 

.....50V 

100 V 

150V 

200V 

8.0A 

3.0A 

8.0A 

70A 

2.5 “C/W 

60°C/W 

-55Xto +150“C 


NOTE 1. Using Wakefield Type 295 heatsink with convection cooling. For more 

definitive data refer to the Output Current vs. Temperature Curves on this datasheet. 

ELECTRICAL SPECIFICATIONS 









Typical 



Maximum 

Maximum 

Maximum 

Forward 

Type 

PIV 

Forward Voltage (Vf) 

Reverse Current (Ir) 

Reverse 

Recovery 



@ 

@ PIV 

Recovery 

Voltage 







Time* 

@1A 
tr = 8ns 



Tj = 25“C 

Tj = 100°C 

@Tj = 25°C 

@ Tj = 100°C 

SES5401 

50V 




150/iA 



SES5402 

SES5403 

100 V 

150 V 

1 .025V @ 8A 

0.945V @ 8A 

5/jA 

150M 

150yuA 

100ns 

1.4V 

SES5404 

200V 




SOOyUA 




‘Measured in circuit Ip = 0.50A, Ir = 1.0A, Ir^q = 0.25A 

MECHANICAL SPECIFICATIONS 






UNITRODE 
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SES5401-SES5404 


Output Current 
vs. Temperature 



Typical Forward Current 
vs. Forward Voltage 



.1 .2 .3 .4 .5 .6 .7 .8 .9 1.0 1,11.21.3 
Vf — VOLTAGE (V) 


Typical Reverse Current 
vs. Voltage 



120 100 80 60 40 20 0 


VOLTAGE IN % OF PIV 



.5 


50 5 5 


. 1/us 1/iS 


10/iS 100/ys 1ms 10ms 



1 2 5 10 20 50 100 200 500 1000 

CYCLES AT 60 Hz SINE WAVE 


Thermal Impedance 



Reverse-Recovery Circuit 

5on lOfi 



NOTES: 

1. Oscilloscope: Rise time < 3ns; input impedance = 500. 

2. Pulse Generator: Rise time < 8ns; source impedance lOO. 

3. Current viewing resistor, non-inductive, coaxial recommended. 
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RECTIFIERS 

High Efficiency, 16A 


SES5501 

SES5502 

SES5503 

SES5504 


FEATURES 

• Very Low Forward Voltage 

• Very Fast Recovery Times 

• Economical, Convenient TO-220 Package 

• Low Thermal Resistance 

• Mechanically Rugged 


DESCRIPTION 

The SES5500 Series, in the economical, 
convenient TO-220 package, is specifically 
designed for operation in power switching 
circuits to frequencies in excess of 
lOOkHz. The very low forward voltage and 
very fast recovery time make them 
particularly suited for switching type 
power supplies. 


ABSOLUTE MAXIMUM RATINGS 

Peak Inverse Voltage, SES5501 50V 

Peak Inverse Voltage, SES5502 lOOV 

Peak Inverse Voltage, SES5503 150V 

Peak Inverse Voltage, SES5504 200V 

Maximum Average D.C. Output Current 

@Tc = 95°C 16A 

@ Ta = 25°C 3.3A 

@ Ta = 25°C (Note 1) 9.0A 

Non-Repetitive Sinusoidal Surge Current, 8.3ms 250A 

Thermal Resistance, Junction to Case, ^j-c 1.5°C/W 

Thermal Resistance, Junction to Ambient, 0 j-a 60“C/W 

Operating and Storage Temperature -55°C to +150°C 


Note: 1. Using Wakefield Type 295 heatsink with convection cooling. For more definitive data refer 
to the Output Current vs Temperature Curve on this data sheet. 


MECHANICAL SPECIFICATIONS 
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% OF SURGE RATING 


SES5501 SES5502 SES5503 SES5504 


Multiple Surge Current vs Duration 



1 2 5 10 20 50 100 200 500 1000 

CYCLES AT 60 Hz SINE WAVE 



.01.02.05.1 .2 .5 1 2 5 10 20 50 100 200 1000 


tp - PULSE WIDTH (ms) 


Reverse-Recovery Circuit 

5on ion 



NOTES: 

1. Oscilloscope; Rise time < 3ns; input impedance = 500. 

2. Pulse Generator: Rise time < 8ns; source impedance lOO. 

3. Current viewing resistor, non-inductive, coaxial recommended. 


UNITRODE CORPORATION • 5 FORBES ROAD 
LEXINGTON, MA 02173 • TEL. (617) 861-6540 
TWX (710) 326-6509 • TELEX 95-1064 


6-58 


PRINTED IN U.S A. 




RECTIFIERS 

High Efficiency, 16 A Center-Tap 


SES5401C-SES5404C 


FEATURES 

• Low Forward Voltage 

• Fast Recovery Times 

• Economical, Convenient TO-220AB Package 

• Low Thermal Resistance 

• Mechanically Rugged 

• PIV up to 200V 


ABSOLUTE MAXIMUM RATINGS 


Peak Inverse Voltage, SES5401C 

Peak Inverse Voltage, SES5402C 

Peak Inverse Voltage, SES5403C 

Peak Inverse Voltage, SES5404C 

Maximum Average D.C. Output Current 


@ Tc = 125'’C 

@ Ta = 25 °C 

@Ta = 25°C(Note1) 

Non-Repetitive Sinusoidal Surge Current, 8.3mS 

Thermal Resistance, Junction to Case,0j.c 

Thermal Resistance, Junction to Ambient, 0 j.a 

Operating and Storage Temperature Range 


DESCRIPTION 

The SES5401C Series in the economical, 
convenient TO-220AB package, is 
specifically designed for operation in power 
switching circuits to frequencies in excess 
of lOOkHz. The series combines two high 
efficiency devices into one package, 
simplifying installation, reducing heatsink 
requirements and the need to purchase 
matched components. 


50 V 

100V 

150 V 

200V 

16A 

3 A 

10A 

70A 

1.75 “C/W 

60°C/W 

-55“Cto -1-150 "C 


NOTE 1. Using Wakefield Type 295 heatsink with convection cooling. For more 

definitive data refer to the Output Current vs. Temperature Curves on this datasheet. 


ELECTRICAL SPECIFICATIONS 


Type 

PIV 

Maximum 

Forward Voltage (Vf) 

@ 

Maximum 

Reverse Current (Ir) 

@ PIV 

Maximum 

Reverse 

Recovery 

Time* 

Typical 
Forward 
Recovery 
Voltage 
@ lA 
tr = 8ns 

Tj = 25°C 

Tj = 100"C 

@ Tj = 25‘’C 

@ Tj = 100°C 

SES5401C 

SES5402C 

SES5403C 

SES5404C 

50V 

lOOV 

150 V 
200V 

1.025V @ 8A 

0.945V @ 8A 

dfjA 

150M 

150//A 

150a<A 

500/yA 

100ns 

1.4 V 


^Measured in circuit Ip = 0.50A, Ip, = 1.0A, Ippc = 0-25A 


MECHANICAL SPECIFICATIONS 
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SES5401C-SES5404C 


Output Current 
vs. Temperature 


Typical Forward Current 
vs. Forward Voltage 




120 100 80 60 40 20 0 

VOLTAGE IN % OF PIV 



.5 5 50 5 5 


• l/is Ifjs 10/js 100//S 1ms 10ms 

PULSE DURATION 


Multiple Surge Current vs. Duration 



1 2 5 10 20 50 100 200 500 100 


CYCLES AT 60 Hz SINE WAVE 


Thermal Impedance 
vs. Pulse Width 



tp - PULSE WIDTH (ms) 


Reverse- Recovery Circuit 



500 

lOO 




; 

; 


_ 

-h 

25Vdc 

• 

PULSE 
GENERATOR 
NOTE 2 


(APPROX.) '] 

l X 


10 * 
NOTE 3 j 

> OSCILLOSCOPE 

^ 1 NOTE 1 




NOTES: 

1. Oscilloscope: Rise time < 3ns: input impedance = 500. 

2. Pulse Generator: Rise time < Sns; source impedance lOO. 

3. Current viewing resistor, non-inductive, coaxial recommended. 
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RECTIFIERS 

High Efficiency, 25A Center-Tap 


SES5601C 

SES5602C 

SES5603C 


FEATURES 

• Low Forward Voltage 

• Fast Switching Speed 

• Convenient Package 

• High Surge Capability 

• Low Thermal Resistance 

• Mechanically Rugged TO-3 Package 

• Available as Positive or Negative Center-Tap 


DESCRIPTION 

The SES, super-fast recovery, rectifiers are 
specifically designed for operation in 
power switching circuits. Their super-fast 
recovery time and very low forward 
voltage make them particularly 
efficient in most switching applications. 


ABSOLUTE MAXIMUM RATINGS 


Peak Inverse Voltage, SES5601C 50V 

Peak Inverse Voltage, SES5602C 100V 

Peak Inverse Voltage, SES5603C 150V 

Maximum Average D.C. Output Current at T^ = 100®C 25A 

Non-Repetitive Sinusoidal Surge Current 8.3 mS 400A 

Thermal Resistance, Junction to Case 1 °C/W 

Operating and Storage Temperature Range -55°C to -h 175 °C 


ELECTRICAL SPECIFICATIONS PER DIODE 




Maximum 

Maximum 

Maximum 



Forward Voltage (Vp) 

Reverse Current (ip) 

Reverse 

Type 

PIV 



@p\y 

Recovery 



Tc = 25®C 

Tc = 125®C 

(®Tc = 25®C 

@Tc = 125®C 

Time* 

SES5601C 

50V 

0.990V 

0.830V 




SES5602C 

100 V 

@ 

@ 



100nS 

SES5603C 

150 V 

12.5A 

12.5A 

20iJK 

4mA 



o 

o 

CO 

II 

Q 

II 





‘Measured in circuit If = 0.5A, Ir = 1.0A, Ireq = 0.25A 


MECHANICAL SPECIFICATIONS 


POSITIVE OUTPUT 
-W — I — ^ 



SES5601C-SES5603C 



ins. 

mm 

A 

.875 MAX. 

22.23 MAX. 

B 

.135 MAX. 

3.43 MAX. 

C 

.250-.450 

6.35-11.43 

D 

.312 MIN. 

7.92 MIN. 

E 

.038-.043 DIA. 

0.97-1.09 DIA. 

F 

.188 MAX. RAD. 

4.78 MAX. RAD. 

G 

1.177-1.197 

29.00-30.40 

H 

.655-.675 

16.64-17.15 

J 

.205-.225 

5.21-5.72 

K 

.420-.440 

10.67-11.18 

L 

.525 MAX. RAD. 

13.34 MAX. RAD. 

M 

1 .151-.161 DIA 

3.84-4.09 DIA. 


NOTES: 

1. Standard polarity is positive output. 

For reverse polarity (negative output) add suffix “R”, ie, SES5601CR. 

2. All metal surfaces tin plated. 
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SES5601C-SES5603C 


Typical Reverse Current 



130 120 110100 90 80 70 60 50 40 30 20 10 0 
Vr — REVERSE VOLTAGE (% OF PIV) 


Typical Forward Current 



.4 .6 .8 1.0 1.2 

Vp — FORWARD VOLTAGE (V) 



1 2 5 10 20 50 100 200 

N — CYCLES OF 60 Hz SINEWAVE 


Thermal Impedance 



tp — PULSE WIDTH (mS) 


Output Current vs. 
Case Temperature 



100 125 150 175 

T(. — CASE TEMPERATURE (°C) 


Reverse-Recovery Circuit 

50 Q 10 



NOTES: 

1. Oscilloscope: Rise time ^3nS: input impedance = 50C. 

2. Pulse Generator: Rise time ^8nS; source impedance lOSi. 

3. Current viewing resistor, non-inductive, coaxial recommended. 
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RECTIFIERS 

High Efficiency, 20A 


SES5701 

SES5702 

SES5703 


FEATURES 

• Low Forward Voltage 

• Fast Switching 

• Low Thermal Resistance 

• High Surge Capability 

• Mechanically Rugged DO-4 Package 

• Reverse Polarity Available 


DESCRIPTION 

The SES, super-fast recovery, rectifiers are 
specifically designed for operation in 
power switching circuits. Their super-fast 
recovery time and very low forward 
voltage drop make them particularly 
efficient in most switching applications. 


ABSOLUTE MAXIMUM RATINGS 


Peak Inverse Voltage, SES5701 50V 

Peak Inverse Voltage, SES5702 100V 

Peak Inverse Voltage, SES5703 150V 

Maximum Average D.C. Output Current at = 100°C 20A 

Non-Repetitive Sinusoidal Surge Current 8.3 mS 400A 

Thermal Resistance, Junction to Case 1.5°C/W 

Operating and Storage Temperature Range - 55 °C to -f 1 75 °C 


ELECTRICAL SPECIFICATIONS 


Type 

PIV 

Maximum 

Forward Voltage (Vp) 

@ 

Maximum 

Reverse Current (Ir) 

@PIV 

Maximum 

Reverse 

Recovery 

Time* 


Tc = 125»C 

@ Tc = 25®C 

@Tc = 125®C 



.990V 

.830 




SES5701 

50V 

@ 

@ 




SES5702 

100V 

20A 

20A 

20juA 

4mA 

lOOnS 

SES5703 

150 V 

tp = 300MS 

tp = 300MS 





‘Measured in circuit Ip = -SA, Ir = 1.0A, Ireq = .25A 


MECHANICAL SPECIFICATIONS 


SES5701-SES5703 





Ins. 

mm 

A 

.078 MAX. 

1.98 MAX. 

B 

+ .437 +.015 

11.10 +0.38 

C 

.405 MAX. 

10.29 MAX. 

D 

.800 MAX. 

20.32 MAX. 

E 

.424 MAX. 

10.77 MAX. 

F 

.066 MIN. DIA. 

1.68 MIN. DIA. 

G 

.430 ±.010 

10.92 +0.25 

H 

.250 MAX. 

6.35 MAX. 



NOTES: 

1. Standard polarity is cathode-to-stud. 

For reverse Polarity (anode-to-stud) add suffix “R”, ie. SES5701R. 

2. All metal surfaces tin plated. 

3. Maximum uniubricated stud torque: 10 inch pounds. 

4. Angular orientation of terminal is undefined. 
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SES5701 - SES5703 


Typical Reverse Current 



130 120 110 100 90 80 70 60 50 40 30 20 10 0 


Vr — REVERSE VOLTAGE (% OF PIV) 


Maximum Forward Surge 
vs. Number of Cycles 



1 2 5 10 20 50 100 200 

N — CYCLES OF 60 Hz SINEWAVE 


Output Current vs. 
Case Temperature 



100 125 150 175 

Tc — CASE TEMPERATURE (°C) 


Typical Forward Current 



.4 .6 .8 1.0 


Vp — FORWARD VOLTAGE (V) 


Thermal Impedance 



rtJ .01.02 .05.1 .2 .5 1 2 5 10 20 50100 200 1000 

tp — PULSE WIDTH (mS) 


Reverse-Recovery Circuit 

50 10 



NOTES: 

1. Oscilloscope: Rise time < 3nS; input impedance = 50fi. 

2. Pulse Generator: Rise time ^'snS : source impedance 1012. 

3. Current viewing resistor, non-inductive, coaxial recommended. 
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RECTIFIERS 

High Efficiency, 60A 


SES5801 

SES5802 

SES5803 


FEATURES 

• Low Forward Voltage 

• Fast Switching Speeds 

• High Surge Capability 

• Low Thermal Resistance 

• Mechanically Rugged DO-5 Package 

• Reverse Polarity Available 


DESCRIPTION 

The SES, super-fast recovery, rectifiers are 
specifically designed for operation in 
power switching circuits. Their super-fast 
recovery time and very low forward 
voltage drop make them particularly 
efficient in most switching applications. 


ABSOLUTE MAXIMUM RATINGS 


Peak I nverse Voltage, SES5801 50V 

Peak Inverse Voltage, SES5802 100V 

Peak Inverse Voltage, SES5803 150V 

Maximum Average D.C. Output Current at T^. = 100®C 60A 

Non-Repetitive Sinusoidal Surge Current 8.3 mS 800A 

Thermal Resistance, Junction to Case 0.8®C/W 

Operating and Storage Temperature Range - 55 ®C to 1 75 ®C 


ELECTRICAL SPECIFICATIONS 




Maximum 

Maximum 

Maximum 



Forward Voltage (Vp) 

Reverse Current (Ir) 

Reverse 

Type 

PIV 



@PIV 

Recovery 



Tc = 25®C 

Tc = 150°C 

@Tc = 25‘»C 

@Tc = 150®C 

Time* 



0.990V 

0.850V 




SES5801 

50V 


@ 




SES6802 

100 V 

60A 

60A 

25mA 

30mA 

lOOnS 

SES5803 

150 V 

tp = 300/4S 

o 

o 

CO 

II 

a. 





‘Measured in circuit If = 0.5A, Ir = 1.0A, Irec = 0-25A 


MECHANICAL SPECIFICATIONS 


SES5801-SES5803 




ins. 

mm 

A 

225 ± 005 

5.72 ± 0 13 

B 

060 MIN 

1.52 MIN. 

c 

.156 ± .020 

3.96 ±0 51 

D 

.156 MIN FLAT 

3 96 MIN. FLAT 

E 

.667 DIA. MAX 

16 94 DIA MAX 

F 

.090 MAX 

2.29 MAX 

G 

.667 ± .010 

16 94 ± 0.25 


.375 

9.53 

J 

.140 MIN. DIA 

3 56 MIN. DIA 

K 

1000 MAX 

25.40 MAX 

L 

450 MAX 

11 43 MAX 

M 

438 ± 015 

11 13 ± 0.38 

N 

078 MAX 

1.98 MAX. 


Notes: 

1. Standard polarity is cathode-to-stud. 

For reverse polarity (anode-to-stud) add suffix “R”, ie. SES5801R. 

2. All metal surfaces tin plated. 

3. Maximum unlubricated stud torque: 20 inch pounds. 

4. An angular orientation of terminal is undefined. 



UNITRODE 
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OUTPUT CURRENT (A) - CURRENT (A) I, _ CURRENT (mA) 


SES5801-SES5803 


Typical Reverse Current Forward Current 




130 120 110 100 90 80 70 60 50 40 30 20 10 0 Vp — FORWARD VOLTAGE (V) 

VOLTAGE IN % OF PIV 


Maximum Forward Surge 
vs. Number of Cycles 



1 2 5 10 20 50 100 200 

N — CYCLES OF 60 Hz SINEWAVE 


Thermal Impedance 



.01.02 .05.1 .2 .5 1 2 5 10 20 50100 200 1000 

tp — PULSE WIDTH (mS) 


Output Current vs. 
Case Temperature 



100 125 150 175 

Tc — CASE TEMPERATURE ("C) 


Reverse-Recovery Circuit 


50 fl 10 fi 



NOTES: 

1. Oscilloscope: Rise time ^3nS ; input impedance = 500. 

2. Pulse Generator: Rise time ^ 8nS; source impedance lOO. 

3. Current viewing resistor, non-inductive, coaxial recommended. 
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RECTIFIERS 

High Efficiency , 50 Amp 


UES501-UES505 


FEATURES 

• 50A Continuous Rating at Case Temperature of 125°C 

• Exceptional Efficiency 

• Low Forward Voltage 

• Extremely Fast Reverse Recovery Time 

• Extremely Fast Forward Recovery Time 

• High Surge 

• Radiation Tolerant 

• Rugged, High Current Termination 


DESCRIPTION: 

This series of High Efficiency Power 
Rectifiers allows circuit designers to design 
high current, high frequency supplies with 
very low diode losses. Reverse recovery 
time is typically 1/10- 1/lOOth of equivalent 
power rectifiers, with even lower forward 
voltage. 


ABSOLUTE MAXIMUM RATINGS 


Peak Inverse Voltage 

Type 

50V 

UES501 

75V 

UES502 

lOOV 

UES503 

125V 

UES504 

150V 

UES505 


Maximum Average D.C. Output Current 

@ Tc = 125°C 50A 

Non-Repetitive Sinusoidal 

Surge Current (8.3ms) 600A 

Operating Temperature Range — 65°C to -fl75°C 

Storage Temperature Range — 65°C to -l-175°C 

Thermal Resistance 1°C/W 


MECHANICAL SPECIFICATIONS 




Notes: 

1. Angular orientation of terminal is undefined. 

2. All metal surfaces tin plated. 

3. Maximum unlubricated stud torque; 30 inch pounds. 

4. Ail dimensions in inches. 

5. Polarity is cathode to stud; for anode to stud add suffix “R”. 
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UES501-UES505 


ELECTRICAL SPECIFICATIONS (at 25°C unless noted) 




Maximum 

Maximum 



Peak 

Forward 

Leakage 

Maximum Reverse 

Type 

Inverse 

Voltage 

Cur 

rent 

Recovery Time 


Voltage 

Drop 

25X 

125°C 

*rr @ ’f'Ir'IrEC 

UES501 

50V 





UES502 

75V 





UES503 

lOOV 

.95V @ 50A 

25/zA 

10mA 

50ns. 1A-1A-0.5A 

UES504 

125V 

(pw = 250ms) 




UES505 

150V 







125 135 145 155 165 175 

Tc — CASE TEMPERATURE (“C) 


Pulse Thermal Impedance 
vs. Pulse Width 


$ 

o 

c 


UJ 

o 

z 

< 

Q 

UJ 

OL 

5 



20 50 100 200 500 Is 2s 

PULSE WIDTH — t(ms) 


Square Pulse Current vs. Duration 
for Non-Repetition Square Wave 



Ims 5 lO/iS 50 100//S 500 1ms 5 10ms 

PULSE DURATION 


Multiple Surge Current vs. Duration 
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UES501-UES505 


Typical Forward Current 
vs. Forward Voltage 



.1 .3 .5 .7 .9 1.1 1.3 1.5 

Vp — VOLTAGE (V) 


< 

E 


Typical Reverse Current vs. Voltage 



140 120 100 80 60 40 20 0 

VOLTAGE— IN % P.I.V. 


Reverse-Recovery Circuit 


Characteristic Waveform 



2. Pulse Generator: Rise time 8 ns; source impedance 10 V.. 

3. Current viewing resistor, non-inductive, coaxial recommended. 
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RECTIFIERS UES701-UES703 

High Efficiency, 25 A 


FEATURES 

• Low Forward Voltage 

• Very Fast Switching 

• Low Thermal Resistance 

• High Surge Capability 

• Mechanically Rugged 

• Both Polarities Available 


DESCRIPTION 

Designed to meet the efficiency demand 
of switching type power supplies, these 
devices are useful In many switching 
applications. 

The low thermal resistance and forward 
voltage drop of this series allows the 
user to replace DO-5 size devices in 
many applications. 


ABSOLUTE MAXIMUM RATINGS 

Peak Inverse Voltage, UES701 50V 

Peak Inverse Voltage, UES702 lOOV 

Peak Inverse Voltage, UES703 150V 

Maximum Average D.C. Output Current at T^ = 100°C 25A 

Non-Repetitive Sinusoidal Surge Current at 8.3ms 400A 

Thermal Resistance, Junction to Case 1.5°C/W 

Operating and Storage Temperature Range — 55°C to +175°C 


POWER CYCLING 

These devices possess the unique ability to pass many 
thousands of cycles of a stress test designed to evaluate the 
integrity of the bonding systems used in the construction of 
power rectifiers. 

In this stress test, the case of the device is not heat sunk. 
Full rated forward current is supplied to force a case tem- 
perature increase at least 75°C, at which time, the current is 
removed and the case allowed to cool. The cycle is repeated a 
minimum of 5,000 times to simulate equipment being turned 
on and off. Extended power cycling tests demonstrate a product 
capability in excess of 25,000 cycles. 


SWITCHING CHARACTERISTICS 

The switching times of these ultra-fast rectifiers increase 
relatively little, with temperature or at different currents. Even 
in severe applications, such as catch diodes for switching 
regulators and output rectifiers for high frequency square 
wave inverters, these devices switch many times faster than 
the fastest associated transistors. Thus, the stresses on and 
powers dissipated in the switching transistors are substantially 
less than when using other rectifiers. 


MECHANICAL SPECIFICATIONS 




UES701-UES703 



ins. 

mm 

A 

,078 MAX 

1.98 MAX 

B 

437 ± 015 

11.10 ±0.38 

C 

.405 MAX 

10 29 MAX. 

D 

800 MAX 

20.32 MAX. 

E^ 

430 ± 010 

10 92 ± 0 25 

F 

250 MAX 

6.35 MAX 


424 MAX 

10.77 MAX. 

"TTI 

066 MIN DIA 

1 68 MIN. DIA. 


Notes: 

1. Standard polarity is cathode-to-stud. 

For reverse Polarity (anode-to-stud) add suffix “R”, ie. UES701R. 

2. All metal surfaces tin plated. 

3. Maximum unlubricated stud torque: 15 inch pounds. 

4. Angular orientation of terminal is undefined. 




UIMITRODE 


6-70 





UES701-UES703 

ELECTRICAL SPECIFICATIONS 


Type 

PIV 

Maximum 

Forward Voltage 
@ 

Maximum 

Reverse Current 
@ 

Maximum 

Reverse 

Recovery 



Tc = 25->C 

Tc = 125»C 

Tc=25X 

Tc= las’c 

Time* 

UES701 

50V 

.950 

@ 

25A 

tp = 300/iS 

.825 

@ 

25A 

tp = 300fiS 




UES702 

UES703 

lOOV 

150V 

20/iA 

4mA 

35nS 


* Measured in circuit Ip = 0.5A, 1^ = lA, = 0.25A 


Typical Reverse Current 



130 120 110 100 90 80 70 60 50 40 30 20 10 0 
Vr — REVERSE VOLTAGE (% OF PIV) 


Maximum Forward Surge 
vs. Number of Cycles 



1 2 5 10 20 50 100 200 

N — . CYCLES OF 60 Hz SINEWAVE 


Output Current vs. 
Case Temperature 



100 125 150 175 

Tc — CASE TEMPERATURE (°C) 


Forward Current 



.4 .6 .8 1.0 

Vp — FORWARD VOLTAGE (V) 


Thermal Impedance 



N .01.02 .05.1 .2 .5 1 2 5 10 20 50100 200 1000 

tp — PULSE WIDTH (mS) 


Reverse-Recovery Circuit 


50 Q 10 



NOTES: 

1. Oscilloscope: Rise time < 3ns; input impedance = 50i2. 

2. Pulse Generator: Rise time ^ 8ns; source impedance 10i2. 

3. Current viewing resistor, non-inductive, coaxial recommended. 
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RECTIFIERS ues704-ues706 

High Efficiency, 20A 


FEATURES 

• Very Low Forward Voltage (1.15V) 

• Very Fast Recovery Times (SOnSec) 

• Low Thermal Resistance 

• High Surge Capability 

• Mechanically Rugged 

• Both Polarities Available 


DESCRIPTION 

The UES704 series is specifically 
designed for operation in power switching 
circuits operating at frequencies of at 
least 20 KHz. 

The low thermal resistance and forward 
voltage drop of this series allows the 
user to replace DO-5 size devices in 
many applications. 


ABSOLUTE MAXIMUM RATINGS 

Peak Inverse Voltage, UES704 200V 

Peak Inverse Voltage, UES705 300V 

Peak Inverse Voltage, UES706 400V 

Ave. D.C. Output Current, Iq @ Tc = 100°C 20A 

Surge Current, 8.3mSec 300A 

Thermal Resistance, Junction to Case TS^C/W 

Operating and Storage Temperature Range — 55“C to -fl50‘’C 


POWER CYCLING 

These devices possess the unique ability to pass many 
thousands of cycles of a stress test designed to evaluate the 
integrity of the bonding systems used in the construction of 
power rectifiers. 

In this stress test, the case of the device is not heat sunk. 
Full rated forward current is supplied to force a case tem- 
perature increase at least 75°C, at which time, the current is 
removed and the case allowed to cool. The cycle is repeated a 
minimum of 5,000 times to simulate equipment being turned 
on and off. Extended power cycling tests demonstrate a product 
capability in excess of 25,000 cycles. 


SWITCHING CHARACTERISTICS 

The switching times of these ultra-fast rectifiers increase 
relatively little, with temperature or at different currents. Even 
in severe applications, such as catch diodes for switching 
regulators and output rectifiers for high frequency square 
wave inverters, these devices switch many times faster than 
the fastest associated transistors. Thus, the stresses on and 
powers dissipated in the switching transistors are substantially 
less than when using other rectifiers. 


MECHANICAL SPECIFICATIONS 



UES704-UES706 



ins. 

mm 

A 

078 MAX. 

1.98 MAX. 

B 

.437 ± .015 

11.10 ±0.38 

C 

.405 MAX. 

10.29 MAX. 

D 

.800 MAX. 

20.32 MAX. 

E 

.430 ± .010 

10.92 ± 0.25 

F 

250 MAX 

6.35 MAX. 


424 MAX. 

10 77 MAX. 

H 

.066 MIN. DIA. 

1.68 MIN. DIA 



Notes: 

1. Standard polarity is cathode-to-stud. 

For reverse Polarity (anode-to-stud) add suffix “R", ie. UES704R. 

2. All metal surfaces tin plated. 

3. Maximum unlubricated stud torque: 15 inch pounds. 

4. Angular orientation of terminal Is undefined. 
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UES704-UES706 


ELECTRICAL SPECIFICATIONS 


Type 

PIV 

Maximum 

Forward Voltage 

Maximum 

Reverse Current 

Maximum 

Reverse 

Recovery 

Time* 

Tc = 250C 

Tc = 125X 

Tc = 25'>C 

Tc = 125“C 

UES704 

200V 

1.25V 

1.15V 




UES705 

300V 

@ 20A 

@2(i^ 

50/tA 

10mA 

50nS 

UES706 

400V 

tp = 300/iS 

tp = 300,.S 





* Measured in circuit Ip = 0.5A, 1^ = lA, 1^^^ = 0.25A 


Output Current vs. 
Case Temperature 



100 110 120 130 140 150 

Tc — CASE TEMPERATURE (°C) 


Peak Output Current vs. 
Case Temperature 



50 70 90 no 130 150 

Tc - CASE TEMPERATURE (°C) 


Typical Forward Current 


vs. Forward Voltage 



Vp - FORWARD VOLTAGE (V) 


Typical Reverse Current 
vs. Reverse Voltage 



Vr — REVERSE VOLTAGE (% OF PIV) 
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CURRENT (A) 


UES704-UES706 


Maximum Forward Surge 



1 2 5 10 20 50 100 200 

N — CYCLES OF 60 Hz SINEWAVE 


Thermal Impedance 



N .01.02 .05.1 .2 .5 1 2 5 10 20 50100 200 1000 

tp — PULSE WIDTH (mS) 


Reverse-Recovery Circuit 


50 0 10 Q 



NOTES: 

1. Oscilloscope: Rise time ^ 3ns; input impedance = 50Q. 

2. Pulse Generator: Rise time ^ 8ns; source impedance lOQ. 

3. Current viewing resistor, non-inductive, coaxial recommended. 
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RECTIFIERS 

High Efficiency, 70 Amp 


UES801-UES803 


FEATURES 

• High Continuous Current Rating 

• Very Low Forward Voltage 

• Very Fast Switching Speeds 

• High Surge Capability 

• Low Thermal Resistance 

• Mechanically Rugged 

• Both Polarities Available 

• Available with Flexible Top Lead 

ABSOLUTE MAXIMUM RATINGS 

Peak Inverse Voltage, UES801 

Peak Inverse Voltage, UES802 .... 

Peak Inverse Voltage, UES803 

Maximum Average D.C. Output Current at = 100°C 
Non-Repetitive Sinusoidal Surge Current 8.3 ms 
Thermal Resistance, Junction to Case 
Operating and Storage Temperature Range . . . 


POWER CYCLING 

. These devices possess the unique ability to pass many 
thousands of cycles of a stress test designed to evaluate the 
integrity of the bonding systems used in the construction of 
power rectifiers. 

In this stress test, the case of the device is not heat sunk. 
Full rated forward current is supplied to force a case tem- 
perature increase at least 75°C, at which time, the current is 
removed and the case allowed to cool. The cycle is repeated a 
minimum of 5,000 times to simulate equipment being turned 
on and off. Extended power cycling tests demonstrate a product 
capability in excess of 25,000 cycles. 


DESCRIPTION 

The UES801 Series is specifically designed 
for operation in power switching circuits 
operating at frequencies of at least 
20 KHz. The very low forward voltage and 
very fast recovery time make them par- 
ticularly suited for switching type power 
supplies. 


50V 

lOOV 

150V 

70A 

800A 

0.8°C/W 
-55°C to -fl75°C 


SWITCHING CHARACTERISTICS 

The switching times of these ultra-fast rectifiers increase 
relatively little, with temperature or at different currents. Even 
in severe applications, such as catch diodes for switching 
regulators and output rectifiers for high frequency square 
wave inverters, these devices switch many times faster than 
the fastest associated transistors. Thus, the stresses on and 
powers dissipated in the switching transistors are substantially 
less than when using other rectifiers. 


MECHANICAL SPECIFICATIONS 


UES801-UES803 




Notes: 

1. standard polarity is cathode-to-stud. 

For reverse polarity (anode-to-stud) add suffix "R”, ie. UES801R. 

2. All metal surfaces tin plated. 

3. Maximum unlubricated stud torque: 20 inch pounds (20 kg. cm). 

4. Angular orientation of terminal is undefined. 
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UES801-UES803 


ELECTRICAL SPECIFICATIONS 


Type 

PIV 

Maximum 

Forward Voltage 
@ 

Maximum 

Reverse Current 
@ 

Maximum 

Reverse 

Recovery 



Tc = 25X 

Tc = ISOX 

Tc = 25X 

Tc = ISOX 

Time* 

UES801 

50V 

.975V 

@ 

70A 

tp = 300/iS 

.840V 

@ 

70A 

tp = 3Q0fiS 




UES802 

UES803 

lOOV 

150V 

2SfiA 

30mA 

50nS 


Note: Add 0.03 Volts to Max Forward Voltage for Flexible Top Lead Option. * Measured in circuit Ip = 0.5A, Ir = lA, Irj^ = 0-25A 


Output Current vs. 
Case Temperature 



100 125 150 175 

Tc — CASE TEMPERATURE (X) 


Peak Output Current vs. 
Case Temperature 



100 120 140 160 180 

Tc - CASE TEMPERATURE (°C) 


Forward Current 



0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 

Vf - FORWARD VOLTAGE (V) 


Typical Reverse Current 



130 120 110 100 90 80 70 60 50 40 30 20 10 0 
VOLTAGE IN % OF PIV 
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UES801-UES803 


Maximum Forward Surge 
vs. Number of Cycles 



Thermal Impedance 
vs. Pulse Width 





n ■ — — ■ — — ' — — ' — ■ — ' — ■ — ' 

.01.02 .05.1 .2 .5 1 2 5 10 20 50100 200 1000 

t — PULSE WIDTH (mS) 


2 5 10 20 50 100 200 

N — CYCLES OF 60 Hz SINEWAVE 


Reverse-Recovery Circuit 

10 K 


PULSE 
GENERATOR 
NOTE 2 


NOTES: 

1. Oscilloscope: Rise time ^ 3ns; input impedance = 50Q. 

2. Pulse Generator: Rise time ^ 8ns; source impedance lOQ. 

3. Current viewing resistor, non-inductive, coaxial recommended. 


MECHANICAL SPECIFICATIONS 


FLEXIBLE TOP LEAD (OPTIONAL) 

Add an “F” Suffix to Part Number. 


Standard JEDEC 
DO-5 Package 


\ #8 Flexible _ 

\ Cable 7x95/36 C 

‘Shrinkable 

Sleeving 

Covers 

Lead 



INCHES 

MILLIMETERS 

M 

.718 MAX. 

18.24 MAX. 

N 

4.50 ± .250 

114.3 ± 6.35 

P 

.525 MAX. 

13.23 MAX. 


675 ± .035 

17 15 ± 0.89 

R 

205 ± 005 

5.21 ± 0.13 

S 

.075 ± 010 

1.91 ±0.25 

T 

1.125 MAX. 

28.58 MAX. 


‘To 125°C (Ambient) 
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RECTIFIERS 

High Efficiency, 50A 


DESCRIPTION 

The UES804 is specifically designed 
for operation in power switching circuits 
operating at frequencies of at least 
20 KHz. 


ABSOLUTE MAXIMUM RATINGS 

Peak Inverse Voltage, UES804 200V 

Peak Inverse Voltage, UES805 300V 

Peak Inverse Voltage, UES806 400V 

Maximum Average D.C. Output Current @ = 100°C 50A 

Surge Current, 8.3mSec SOOA 

Thermal Resistance, Junction to Case O^C/W 

Operating and Storage Temperature Range — SS^C to +150“C 


FEATURES 

• Very Low Forward Voltage (1.15V) 

• Very Fast Recovery Times (SOnSec) 

• High Surge Capability 

• Low Thermal Resistance 

• Mechanically Rugged 

• Both Polarities Available 


POWER CYCLING 

These devices possess the unique ability to pass many 
thousands of cycles of a stress test designed to evaluate the 
integrity of the bonding systems used in the construction of 
power rectifiers. 

In this stress test, the case of the device is not heat sunk. 
Full rated forward current is supplied to force a case tem- 
perature increase at least 75°C, at which time, the current is 
removed and the case allowed to cool. The cycle is repeated a 
minimum of 5,000 times to simulate equipment being turned 
on and off. Extended power cycling tests demonstrate a product 
capability in excess of 25,000 cycles. 


SWITCHING CHARACTERISTICS 

The switching times of these ultra-fast rectifiers increase 
relatively little, with temperature or at different currents. Even 
in severe applications, such as catch diodes for switching 
regulators and output rectifiers for high frequency square 
wave inverters, these devices switch many times faster than 
the fastest associated transistors. Thus, the stresses on and 
powers dissipated in the switching transistors are substantially 
less than when using other rectifiers. 


MECHANICAL SPECIFICATIONS 


UES804-UES806 





Notes: 

1. Standard polarity is cathode-to-stud. 

For reverse polarity (anode-to-stud) add suffix “R”, ie. UES804R. 

2. All raetal surfaces tin plated. 

3. Maximum unlubricated stud torque: 30 inch pounds. 

4. Angular orientation of terminal is undefined. 
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UES804-UES806 


ELECTRICAL SPECIFICATIONS 


Type 

PIV 

Maximum 

Forward Voltage 

Maximum 

Reverse Curent 

Maximum 

Reverse 

Recovery 

Time* 

Tc = 25“C 

Tc-125X 

Tc = 25X 

Tc = 125=C 

UES804 

200V 

1.25V 

1.15V 




UES805 

300V 

@ Ip =z 50A 

@ lp = 50A 

70/<A 

30mA 

50nS 

UES806 

400V 

tp = 300/4$ 

tp = 300/tS 





* Measured in circuit Ip = 0.5A, 1^ = lA, l^gc = 0.25A 


Output Current vs. 
Case Temperature 



100 110 120 130 140 150 



50 70 90 no 130 150 

Tc - CASE TEMPERATURE (°C) 


Typical Forward Current 
vs. Forward Voltage 



.1 .2 .3 .4 .5 .6 .7 .8 .9 1.0 1.1 1.2 1.3 1.4 1.5 1.6 
Vp - FORWARD VOLTAGE (V) 


Typical Reverse Current 
vs. Reverse Voltage 



0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 


Vr — REVERSE VOLTAGE (% OF PIV> 
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UES804-UES806 


Maximum Forward Surge 



1 2 5 10 20 50 100 200 

N — CYCLES OF 60 Hz SINEWAVE 



N .01.02 .05.1 .2 .5 1 2 5 10 20 50 100 200 1000 

tp — PULSE WIDTH (mS) 


Reverse-Recovery Circuit 


50 Q 10 n 



NOTES: 

1. Oscilloscope: Rise time < 3ns; input impedance = SOU. 

2. Pulse Generator: Rise time ^ 8ns; source impedance lOU. 

3. Current viewing resistor, non-inductive, coaxial recommended. 


UNITRODE CORPORATION • 5 FORBES ROAD 
LEXINGTON, MA 02173 • TEL. (617) 861-6540 
TWX (710) 326-6509 • TELEX 95-1064 


6-80 


PRINTED IN U.S.A. 





UES1001-UES1003 


RECTIFIERS 

High Efficiency, 1A 


FEATURES 

• Very Fast Recovery Times 

• Very Low Forward Voltage 

• Small Size 

• Convenient Package 


DESCRIPTION 

An axial leaded power rectifier useful 
in many switching applications. 
Particularly suited where very fast 
recovery and low forward voltage are 
required. 


ABSOLUTE MAXIMUM RATINGS 


Peak Inverse Voltage, UES1001 50V 

Peak Inverse Voltage, UES1002 100V 

Peak Inverse Voltage, U ESI 003 150V 

Maximum Average D.C. Output Current at Tl = 75^, L = 3/8" 1A 

Non-Repetitive Surge Current at 8.3mS 30A 

Thermal Resistance at L = 3/8" 75®C/W 

Operating and Storage Temperature Range -55'’C +175“C 



ELECTRICAL SPECIFICATIONS 


Type 

PIV 

1 

Maximum 

Forward Voltage (Vp) 

@ 

Maximum 

Reverse Current (Ir) 

@PIV 

Maximum 

Reverse 

Recovery 

Time* 

Tj = 25«C 

Tj = 100*C 

@ Tj = 25®C 

@ Tj = 100®C 

UES1001 

50V 

.975V 

.895V 




UES1002 

100 V 

@ 

@ 

2mA 

50mA 

25nS 

UES1003 

150 V 

1A 

1A 





‘Measured in circuit Ip = .5A, Ir = 1.0A, Ireq = .25A 


MECHANICAL SPECIFICATIONS 


UES1001-UES1003 


BODY A1 


1.0 mm 
25.4mm' 


028 ± .001 
.071mm ± .03 


t 

.085 max 
2.16mm 


i 


.170 max 

4.32mm ^1 


G 
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Ifm - PEAK OUTPUT CURRENT (A) 


UES1001-UES1003 


Output Current 
vs. Lead Temperature 



25 50 75 100 125 150 175 

— LEAD TEMPERATURE (°C) 


Typical Forward Current 
vs. Forward Voltage 



.1 .2 .3 .4 .5 .6 .7 .8 .9 1.0 1.11.21.3 
V^— VOLTAGE (V) 


Typical Reverse Current 
vs. Voltage 



120 100 80 60 40 20 0 

VOLTAGE IN % OF PIV 


Peak OuU)ut Current vs. 
Lead Temperature 



30 50 70 90 no 130 150 170 

Tl - LEAD TEMPERATURE (°C) 


Forward Pulse Current 



.5 5 50 5 5 


.ns 1/tiS IOas 100ms 1ms 10ms 

PULSE DURATION 


Multiple Surge Current 
vs. Duration 



1 2 5 10 20 50 100 200 500 1000 

CYCLES AT 60 Hz SINE WAVE 


Reverse-Recovery Circuit 


50 V. 10 0 



NOTES: 

1. Oscilloscope: Rise timeOnS; input impedance = 50Q. 

2. Pulse Generator: Rise time<'8nS'; source impedance 10Q. 

3. Current viewing resistor, non-inductive, coaxial recommended. 
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RECTIFIERS 

High Efficiency, 2.5A 


UES1101-UES1103 


FEATURES 

• Very Fast Recovery Times 

• Very Low Forward Voltage 

• Small Size 

• Convenient Package 


DESCRIPTION 

An axial leaded power rectifier useful 
In many switching applications. 
Particularly suited where very fast 
recovery and low forward voltage are 
required. 


ABSOLUTE MAXIMUM RATINGS 

Peak Inverse Voltage, UESllOl 50V 

Peak Inverse Voltage, UES1102 lOOV 

Peak Inverse Voltage, UES1103 150V 

Maximum Average D.C. Output Current at Tl = 75°C, L = %" 2.5A 

Non-Repetitive Surge Current at 8.3 ms 36A 

Thermal Resistance at L = W 38'’C/W 

Operating and Storage Temperature Range — 55‘’C +175°C 


MECHANICAL SPECIFICATIONS 


UES1101UES1103 


BODY A1 


I 1.0 min 

l"*y“ 25.4mm 


.028 ± .001 
.071mm ± .03 


t 

.085 max 
2.16mm 


i 


170 max 

4 32mm "'I 


G 
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UESU01-UES1103 


ELECTRICAL SPECIFICATIONS 


Type 

PIV 

Maximum 

Forward Voltage 
@ 

Maximum 

Reverse Current 
@ 

Maximum 

Reverse 

Recovery 

Time* 

Tj = 25“C 

Tj = 100“C 

Tj = 25^ 

Tj = 100“C 

UESllOl 

50V 

.975V 

.895V 




UES1102 

lOOV 

@2A 

@2A 

2/xA 

50/iA 

25nS 

UES1103 

150V 

1 

tp = 300/iS 
1 

tp = 300/iS 





* Measured in circuit = 0.5A, = lA, = 0.25A 


Output Current 
vs. Lead Temperature 



25 50 75 100 125 150 175 

— LEAD TEMPERATURE (°C) 


Peak Output Current vs. 
Lead Temperature 



30 50 70 90 no 130 150 170 

Tl - LEAD TEMPERATURE (“C) 


Typical Forward Current 



.1 .2 .3 .4 .5 .6 .7 .8 .9 1.0 1.1 1.21.3 
Vp — VOLTAGE (V) 


Typical Reverse Current 



120 100 80 60 40 20 0 


VOLTAGE IN % OF PIV 
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PULSE CURRENT (A) 


UES1101-UES1103 


Forward Pulse Current 
vs. Duration 



.Ifis 1/iS 10/iS IOOas 1ms 10ms 

PULSE DURATION 



1 2 5 10 20 50 100 200 500 1000 

CYCLES AT 60 Hz SINE WAVE 


Reverse-Recovery Circuit 


50 0 10 o 



NOTES: 

1. Oscilloscope: Rise time < 3ns; input impedance = 50fi. 

2. Pulse Generator; Rise time ^ 8ns; source impedance lOQ. 

3. Current viewing resistor, non-inductive, coaxial recommended. 
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RECTIFIERS 

High Efficiency, 2A 


UES1104-UES1106 


FEATURES 

• Very Low Forward Voltage (1.15V) 

• Very Fast Recovery Times (SOnSec) 

• Small Size 

• Convenient Package 


DESCRIPTION 

The UES1104 series is specifically 
designed for operation in power switching 
circuits operating at frequencies of at 
least 20 KHz. 


ABSOLUTE MAXIMUM RATINGS 

Peak Inverse Voltage, UES1104 200V 

Peak Inverse Voltage, UES1105 300V 

Peak Inverse Voltage, UES1106 400V 

Maximum Average D.C. Output Current, Iq 

@ Ta = 25'’C (Free Air) lA 

= 50^C, L= %" 2A 

Surge Current, 8.3mSec 20A 

Thermal Resistance @ L = 38°C/W 

Operating and Storage Temperature Range — 55°C to +150°C 


MECHANICAL SPECIFICATIONS 






UES1104-UES1106 


ELECTRICAL SPECIFICATIONS 


Type 

PIV 

Maximum 

Forward Voltage 

Maximum 

Reverse Current 

Maximum 

Reverse 

Recovery 

Time* 

Tj=25X 

Tj = lOOX 

@ PIV, Tj = 25‘’C 

Tj = 100°C 

UES1104 

200V 

1.25V 

1.15V 




UES1105 

300V 

@1A 

@1A 

10/zA 

200/xA 

50nS 

UES1106 

400V 

tp = 300/zS 

tp = 300/4S 





* Measured in circuit Ip = 0.5A, 1^ = lA, = 0-25A 


Output Current vs. 
Lead Temperature 



25 50 75 100 125 150 

— LEAD TEMPERATURE (“C) 



50 70 90 no 130 150 

Tu - LEAD TEMPERATURE (°C) 


Typical Forward Current 
vs. Forward Voltage 



Typical Reverse Current 
vs. Reverse Voltage 













-"1 

T“ 
















j 
















i 































/. 





— 



_ 


_ 

— 

— 

— 

— 



-/ 

— 

— 

_ 

— 

4 



— 

— 

— 

— 

— 

-125 

a 

T— 



— 

— 

— 

— 


2 








=r 







-t 








-100 

OQ 


















Z 
















L. 





- 

- 

- 

- 

- 

— 

- 

~~T 





— 

- 

- 

— 

— 

2 



— 

— 

— 

— 

_25“C_ 

....L-L.- 

— 

— 

— 

— 

— 

— 


o.iLJg n .,i.- L 1 1 1 1 1 I I i J 

0 20 40 60 80 100 120 140 160 180 

— REVERSE VOLTAGE (% OF PIV) 


UNITRODE CORPORATION • 5 FORBES ROAD 
LEXINGTON, MA 02173 • TEL. (617) 861-6540 
TWX (710) 326-6509 • TELEX 95-1064 


6-87 


PRINTED IN U.S.A, 







UES1104-UES1106 


Output Current vs. 
Ambient Temperature. 


z 

Ui 

cc 

Q^ 

3 

O 


3 

OL 

H- 

3 

O 


o 



25 50 75 100 125 150 

T^ — AMBIENT TEMPERATURE (“C) 


Multiple Surge Current 
vs. Duration 



1 2 5 10 20 50 100 200 500 1000 

CYCLES AT 60 Hz SINE WAVE 


Reverse-Recovery Circuit 


50 '> 10 V. 



NOTES: 

1. Oscilloscope: Rise time ^ 3ns; input impedance = 50fl. 

2. Pulse Generator: Rise time ^ 8ns; source impedance lOfl. 

3. Current viewing resistor, non-inductive, coaxial recommended. 
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RECTIFIERS 

High Efficiency, 6A 


UES1301-UES1303 


FEATURES 

• Very Low Forward Voltage 

• Very Fast Recovery Times 

• Small Size 

• High Surge 


6 


DESCRIPTION 

Now power rectifiers in axial leaded 
package to meet the most demanding 
switching applications. An Industrial 
product with military reliability. 


ABSOLUTE MAXIMUM RATINGS 

Peak Inverse Voltage, UES1301 50V 

Peak Inverse Voltage, UES1302 lOOV 

Peak Inverse Voltage, UES1303 150V 

Maximum Average D.C. Output Current at = 75°C, L = %" 6.0A 

Non-Repetitive Sinusoidal Surge Current at 8.3ms 125A 

Thermal Resistance at L = %" 20‘’C/W 

Operating and Storage Temperature Range — 55“C to 4-175®C 


MECHANICAL SPECIFICATIONS 






UES1301-UES1303 


ELECTRICAL SPECIFICATIONS 


Type 

PIV 

Maximum 

Forward Voltage 
@ 

Maximum 

Reverse Current 
@ 

Maximum 

Reverse 

Recovery 

Time* 

Tj = 25«C 

Tj = 100“C 

Tj = 25“C 

Tj = lOO'C 

UES1301 

50V 

.925V 

.850V 




UES1302 

lOOV 

<®6A 

@6A 

5/xA 

150.aA 

30nS 

UES1303 

150V 

tp = 300yiS 

tp = 300/iS 


1 



* Measured in circuit Ip = 0.5A, = lA, = 0-25A 


Output Current 



25 50 75 100 125 150 175 

— LEAD TEMPERATURE («C) 



30 50 70 90 no 130 150 170 

Tl - LEAD TEMPERATURE (“C) 


Typical Forward Current 



1 .2 .3 4 .5 6 7 .8 9 1 0 1.1 1 2 1.3 


Vf - VOLTAGE (V) 


Typical Reverse Current 



120 100 80 60 40 20 0 

VOLTAGE IN % OF PIV 
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PULSE CURRENT (A) 


UES1301-UES1303 


10,000 

5,000 


1,000 

500 

100 

50 

10 


Forward Pulse Current vs. Duration 





1 2 5 10 20 50 100 200 500 1000 

CYCLES AT 60 Hz SINE WAVE 


Reverse-Recovery Circuit 

50 Q 10 S2 



NOTES: 

1. Oscilloscope: Rise time < 3ns; input impedance = 500. 

2. Pulse Generator: Rise time < 8ns; source impedance lOO. 

3. Current viewing resistor, non-inductive, coaxial recommended. 


UNITRODE CORPORATION • 5 FORBES ROAD 
LEXINGTON, MA 02173 • TEL. (617) 861-6540 
TWX (710) 326-6509 • TELEX 95-1064 


6-91 


PRINTED IN U.S.A. 





RECTIFIERS 

High Efficiency, 5A 


UES1304-UES1306 


FEATURES 

• Very Low Forward Voltage (1.15V) 

• Very Fast Recovery Times (SOnSec) 

• Small Size 

• High Surge 


DESCRIPTION 

The UES1304 series is specifically 
designed for operation in power switching 
circuits operating at frequencies of at 
least 20 KHz. 


ABSOLUTE MAXIMUM RATINGS 

Peak Inverse Voltage, UES1304 200V 

Peak Inverse Voltage, UES1305 300V 

Peak Inverse Voltage, UES1306 400V 

Maximum Average D.C. Output Current, \q 

= 25“C (Free Air) 3A 

(® Tl = 50°C, L 5A 

Surge Current, 8.3mSec 70A 

Thermal Resistance @ L — W 20°C/W 

Operating and Storage Temperature Range — 55®C to +150®C 


MECHANICAL SPECIFICATIONS 
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UNITRODE 







UES1304-UES1306 


ELECTRICAL SPECIFICATIONS 


Type 

PIV 

Maximum 

Forward Voltage 

Maximum 

Reverse Current 

Maximum 

Reverse 

Recovery 

Time* 

Tj = 25°C 

Tj = lOOX 

@ PIV, Tj = 25°C 

Tj = lOO^C 

UES1304 

200V 

1.25V 

1.15V 




UES1305 

300V 

@3A 

@3A 

20//A 

500/iA 

50nS 

UES1306 

400V 

tp = 300yaS 

tp = 300/iS 





* Measured in circuit Ip = 0.5A, = lA, = 0.25A 


Output Current 
vs. Lead Temperature 



25 50 75 100 125 150 

Tl — LEAD TEMPERATURE (“C) 


Peak Output Current vs. 
Lead Temperature 



70 90 no 130 

Tl - LEAD TEMPERATURE CQ 


Typical Forward Current 
vs. Forward Voltage 


Typical Reverse Current 
vs. Reverse Voltage 



0002 04 06 08 10 12 14 16 1.8 2 

Vp - FORWARD VOLTAGE (V) 
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OUTPUT CURRENT (A) 


UES1304-UES1306 


Output Current vs 
Ambient Temperature 



25 50 75 100 125 150 

T^ — AMBIENT TEMPERATURE (»C) 


o 

z 


o 



1 2 5 10 20 50 100 200 500 1000 

CYCLES AT 60 Hz SINE WAVE 


Reverse>Recovery Circuit 

50 n 10 V 



NOTES: 

1. Oscilloscope: Rise time < 3ns; input impedance = 50S1. 

2. Pulse Generator: Rise time ^ 8ns; source impedance 10«. 

3. Current viewing resistor, non-inductive, coaxial recommended. 
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RECTIFIERS 

High Efficiency, 8A 


UES1401-UES1404 


FEATURES 

• Very Low Forward Voltage 

• Very Fast Recovery Times 

• Economical, Convenient Plastic Package 

• Low Thermal Resistance 

• Mechanically Rugged 

• PIV up to 200V 


DESCRIPTION 

The UES1401 Series, in a plastic package 
similar to the TO-220, is specifically 
designed for operation in power switching 
circuits to frequencies in excess of 
lOOkHz. The very low forward voltage and 
very fast recovery time make them 
particularly suited for switching type 
power supplies. 


ABSOLUTE MAXIMUM RATINGS 

Peak Inverse Voltage, UES1401 50V 

Peak Inverse Voltage, UES1402 lOOV 

Peak Inverse Voltage, LIES1403 150V 

Peak Inverse Voltage, LIES1404 200V 

Maximum Average D.C. Output Current 

@ Tc = 125°C (Note 1) 8.0A 

@ Ta = 25°C 3.0A 

@ Ta = 25‘’C (Note 2) 8.0A 

Non-Repetitive Sinusoidal Surge Current, 8.3ms 80A 

Thermal Resistance, Junction to Case, dj-c 2.5°C/W 

Thermal Resistance, Junction to Ambient, ^j-a 60°C/W 

Operating and Storage Temperature Range -55®C to +150®C 


Note 1. Above 100°C use the tab for electrical connection. 

Note 2. Using Wakefield Type 295 heatsink with convection cooling. For more definitive 
data refer to the Output Current vs. Temperature Curves on this datasheet. 


MECHANICAL SPECIFICATIONS 



UES1401-1404 




11 


Cathode 
iLl T ^ 2. Anode 

iH r-G jgjj jg connected 
to Cathode. 



INCHES 

MILLIM 

ETERS 

MIN 

MAX 

MIN 

MAX 

A 

0 560 

0 625 

14 23 

15 87 

B 

0 380 

0 420 

9 66 

10 66 

C 

0 140 

0190 

3 56 

4 82 

D 

0 020 

0 045 

051 

1 14 

F 

0 139 

0.147 

3 531 

3 733 

G 

0 090 

0 110 

2 29 

2 79 

H 

_ 

0 250 

- 

6 35 

J 

0.015 

0 025 

0 38 

0 64 

K 

0.500 

0 562 

12 70 

14 27 

L 

0 045 

0 070 

1 14 

1 77 

N 

0190 

0 210 

4 83 

5 33 


0100 

0120 

2.54 

3 04 

R 

0 080 

0115 

2 04 

2 92 

S 

0 045 

0 055 

1 14 

139 

t' 

0 230 

0 270 

5 85 

6.85 
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UES1401 UES1402 UES1403 UES1404 


ELECTRICAL SPECIFICATIONS 


Type 

PIV 

Maximum 

Forward Voltage 
@ 

Maximum 

Reverse Current 
@ PIV 

Maximum 

Reverse 

Recovery 

Time* 

Typical 
Forward 
Recovery 
Voltage 
@ lA 
tr = 8ns 

Tj = 25°C 

Tj = 100"C 

Tj = 25"C 

Tj = 100°C 

UES1401 

UES1402 

UES1403 

UES1404 

50V 

lOOV 

150 V 
200V 

0.9V(5) 4A 
0.975 @ 8A 
tp = 300/iS 

0.8V @ 4A 
0.895 @ 8A 

5/iA 

150/yA 

150a/A 

150/iA 

500/iA 

35ns 

1.4V 


*Measured in circuit If = 0.5A, Ir = l.OA, Irec = 0.25A 


Output Current 
vs Temperature 




100 no 120 130 140 150 

Tc - CASE TEMPERATURE (°C) 


Typical Forward Current 
vs Forward Voltage 



.1 .2 .3 .4 .5 .6 ,7 .8 .9 1.0 1.11.21.3 
Vp — VOLT AGE (V) 


Typical Reverse Current 
vs Voltage 



120 100 80 60 40 20 0 

VOLTAGE IN % OF PIV 
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- THERMAL IMPEDANCE (°C/W) PULSE CURRENT (A) 


UES1401 UES1402 UES1403 UES1404 


Forward Pulse Current vs Duration 

10,000 

5.000 

1.000 

500 


100 
50 

10 

Ifjs Ifjs lOfjs lOO/iS Ims 10ms 

PULSE DURATION 



.5 5 50 5 5 


Multiple Surge Current vs Duration 



1 2 5 10 20 50 100 200 500 1000 

CYCLES AT 60 Hz SINE WAVE 


Thermal Impedance 
vs Pulse Width 



tp - PULSE WIDTH (ms) 


Reverse-Recovery Circuit 


50n loo 



3 

) vw 


_ 

-h 

25Vdc / 

► 

PULSE 
GENERATOR 
NOTE 2 


(APPROX.) ’ 

T 


10 J 

NOTE 3 j 

> ^ OSCILLOSCOPE 

^ 1 NOTE 1 


+ 



L. 


NOTES: 

1. Oscilloscope: Rise time < 3ns; input impedance = 500. 

2. Pulse Generator; Rise time < 8ns; source impedance lOO. 

3. Current viewing resistor, non-inductive, coaxial recommended. 
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RECTIFIERS 

High Efficiency, 16A 


FEATURES 

• Very Low Forward Voltage 

• Very Fast Recovery Times 

• Economical, Convenient TO-220 Package 

• Low Thermal Resistance 

• Mechanically Rugged 


ABSOLUTE MAXIMUM RATINGS 

Peak Inverse Voltage, UES1501 50V 

Peak Inverse Voltage, UES1502 lOOV 

Peak Inverse Voltage, UES1503 150V 

Peak Inverse Voltage, LIES1504 200V 

Maximum Average D.C. Output Current 

@ Tc = lOOX 16A 

@ Ta = 25‘^C 3.3A 

(g) Ta = 25‘’C (Note 1) lO.OA 

Non-Repetitive Sinusoidal Surge Current, 8.3ms 300A 

Thermal Resistance, Junction to Case, 6j-c 1.5°C/W 

Thermal Resistance, Junction to Ambient, ^j-a 60®C/W 

Operating and Storage Temperature -55°C to +150°C 


Note: 1. Using Wakefield Type 295 heatsink with convection cooling. For more definitive data refer 
to the Output Current vs Temperature Curve on this data sheet. 


MECHANICAL SPECIFICATIONS 
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UES1501 
UES1502 
UES1503 
U ESI 504 


DESCRIPTION 

The UES1500 Series, in the economical, 
convenient TO-220 package, is specifically 
designed for operation in power switching 
circuits to frequencies in excess of 
lOOkHz. The very low forward voltage and 
very fast recovery time make them 
particularly suited for switching type 
power supplies. 


TO-220AC 





UES1501 UES1502 UES1503 UES1504 


ELECTRICAL SPECIFICATIONS 


Type 

PIV 

Maximum 

Forward Voltage 

Maximum 

Reverse Current 
@ PIV 

Maximum 

Reverse 

Recovery 

Time* 

Typical 
Forward 
Recovery 
Voltage 
@ lA 
tr = 8 ns 

Tj = 25°C 

Tj = 100“ C 

Tj =25“C 

Tj = 100°C 

UES1501 

UES1502 

UES1503 

U ESI 504 

50V 

lOOV 

150V 

200V 

.975V @ 16A 

I.IOV @ 32A 

.895V @ 16A 

l.OV @ 32A 

lOfjA 

SOOfjA 

35ns 

2.0V 


* Measured in circuit If = VaA, Ir = l.OA, Irec = V 4 A 



0 25 50 75 100 125 150 


Typical Forward Current vs 
Forward Voltage 



.3 .4 .5 .6 .7 .8 .9 1.0 1.1 1.2 


TEMPERATURE (“C) 


Vf - VOLTAGE (V) 



20 40 60 80 100 120 


% OF PIV 



.1/iS Ifjs lOps 100/us 1ms 10ms 


PULSE DURATION 
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% OF SURGE RATING 


UES1501 UES1502 UES1503 UES1504 



1 2 5 10 20 50 100 200 500 1000 

CYCLES AT 60 Hz SINE WAVE 


o 


Thermal Impedance vs Pulse Width 



.01 02.05.1 .2 .5 1 2 5 10 20 50 100 200 1000 


tp - PULSE WIDTH (ms) 


Reverse- Recovery Circuit 

50fi lOQ 



NOTES: 

1. Oscilloscope: Rise time < 3ns; input impedance = 500. 

2. Pulse Generator: Rise time < 8ns: source impedance 100. 

3. Current viewing resistor, non-inductive, coaxial recommended. 
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RECTIFIERS UES2401-UES2404 

High Efficiency, 16A Center-Tap 


FEATURES 

• Very Low Forward Voltage 

• Very Fast Recovery Times 

• Economical, Convenient TO-220AB 
Package 

• Low Thermal Resistance 

• Mechanically Rugged 

• PIV up to 200V 


DESCRIPTION 

The UES2401 Series in the economical, 
convenient TO-220AB package, is 
specifically designed for operation in 
power switching circuits to frequencies in 
excess of lOOkHz. The series combines 
two high efficiency devices into one 
package, simplifying installation, reducing 
heatsink requirements and the need to 
purchase matched components. 


ABSOLUTE MAXIMUM RATINGS 


Peak Inverse Voltage, UES2401 50V 

Peak Inverse Voltage, UES2402 lOOV 

Peak Inverse Voltage, UES2403 150V 

Peak Inverse Voltage, UES2404 200V 

Maximum Average D.C. Output Current 

@ Tc = 125‘’C (Note 1) 16A 

@ Ta = 25^ 3A 

(5) Ta = 25°C (Note 2) lOA 

Non-Repetitive Sinusoidal Surge Current, 8.3ms 80A 

Thermal Resistance, Junction to Case, Bj-c l.yS^C/W 

Thermal Resistance, Junction to Ambient, 0j~a 60°C/W 

Operating and Storage Temperature Range -55°C to +150°C 


Note 1. Above 8A use the tab for electrical connection. 

Note 2. Using Wakefield Type 295 heatsink with convection cooling. For more definitive 
data refer to the Output Current vs. Temperature Curves on this datasheet. 


MECHANICAL SPECIFICATIONS 
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ELECTRICAL SPECIFICATIONS 


UES2401 UES2402 UES2403 UES2404 


Type 

PIV 

Maximum 

Forward Voltage 
@ 

Maximum 

Reverse Current 
@ PIV 

Maximum 

Reverse 

Recovery 

Time* 

Typical 
Forward 
Recovery 
Voltage 
@ lA 
tr = 8ns 

Tj = 25‘’C 

Tj = 100"C 

Tj = 25°C 

Tj = 100“C 

UES2401 

UES2402 

UES2403 

UES2404 

50V 

lOOV 

150 V 
200V 

0.9V@ 4A 
0.975 @ 8A 
tp = 300/[iS 

0.8V (5) 4A 
0.895 @ 8A 

5aiA 

150//A 

150/yA 

150/iA 

500//A 

35ns 

1.4 V 


*Measured in circuit If = 0.5A, Ir = l.OA, Irec = 0.25A 


Output Current 
vs Temperature 



Peak Output Current vs 
Case Temperature 



100 no 120 130 140 150 

Tc - CASE TEMPERATURE (°C) 


Typical Forward Current 
vs Forward Voltage 


Typical Reverse Current 
vs Voltage 



.1 .2 .3 ,4 .5 .6 .7 .8 .9 1.0 1.11.21.3 
Vp — VOLTAGE (V) 



120 100 80 60 40 20 0 

VOLTAGE IN % OF PIV 
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- THERMAL IMPEDANCE (°C/W) 


UES2401 UES2402 UES2403 UES2404 



.5 5 50 5 5 


.IpS I/JS 10/iS lOO/LfS 


1ms 10ms 


PULSE DURATION 



1 2 5 10 20 50 100 200 500 1000 

CYCLES AT 60 Hz SINE WAVE 


Thermal Impedance 
vs Pulse Width 



02 I — I L_J — I L__l — 1 l_J I l_J I L_1 

.01.02 .05.1 .2 .5 1 2 5 10 20 50100 200 1000 

tp - PULSE WIDTH (ms) 


Reverse-Recovery Circuit 

5on ion 



I Cd. 

1. Oscilloscope; Rise time < 3ns; input impedance = 500. 

2. Pulse Generator; Rise time < 8ns; source impedance lOO. 

3. Current viewing resistor, non-inductive, coaxial recommended. 
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RECTIFIERS 

High Efficiency, 30A Center-Tap 


UES2601-UES2603 


FEATURES 

• Very Low Forward Voltage 

• Very Fast Switching Speed 

• Convenient Package 

• High Surge 

• Low Thermal Resistance 

• Mechanically Rugged 

• Both Polarities Available 


DESCRIPTION 

This series combines two high efficiency 
devices into one package, simplifying 
installation, reducing heat sink require- 
ments and the need to purchase 
matched components. 


ABSOLUTE MAXIMUM RATINGS 

Peak Inverse Voltage, UES2601 50V 

Peak Inverse Voltage, UES2602 lOOV 

Peak Inverse Voltage, UES2603 150V 

Maximum Average D.C. Output Current at T^ = 100°C 30A 

Non-Repetitive Sinusoidal Surge Current 8.3 ms 400A 

Thermal Resistance, Junction to Case 1®C/W 

Operating and Storage Temperature Range — 55°C to -f 175“C 


POWER CYCLING 

These devices possess the unique ability to pass many 
thousands of cycles of a stress test designed to evaluate the 
integrity of the bonding systems used in the construction of 
power rectifiers. 

In this stress test, the case of the device is not heat sunk. 
Full rated forward current is supplied to force a case tem- 
perature increase at least 75°C, at which time, the current is 
removed and the case allowed to cool. The cycle Is repeated a 
minimum of 5,000 times to simulate equipment being turned 
on and off. Extended power cycling tests demonstrate a product 
capability In excess of 25,000 cycles. 


SWITCHING CHARACTERISTICS 

The switching times of these ultra-fast rectifiers increase 
relatively little, with temperature or at different currents. Even 
In severe applications, such as catch diodes for switching 
regulators and output rectifiers for high frequency square 
wave inverters, these devices switch many times faster than 
the fastest associated transistors. Thus, the stresses on and 
powers dissipated In the switching transistors are substantially 
less than when using other rectifiers. 


MECHANICAL SPECIFICATIONS 


POSITIVE OUTPUT 



CASE 


■r 

A - 








B- 

— 1 

i 



C 




UES2601-UES2603 



ins. 

mm. 

A 

.875 MAX. 

22.23 MAX. 

B 

.135 MAX. 

3.43 MAX. 

C 

.250-.450 

6.35-1143 

D 

.312 MIN. 

7.92 MIN. 

t1 

.038-.043 DIA. 

0.97-1.09 DIA. 

T1 

.188 MAX. RAD. 

4.78 MAX. RAD. 

G 

1.177-1.197 

29.90-30.40 

H 

655- 675 

16.64-17.15 

J 

.205-.225 

5.21-5.72 

K 

.420- .440 

10.67-11.18 

L 

.525 MAX. RAD. 

13.34 MAX. RAD. 

M 

,151-. 161 DIA. i 

3.84-4.09 DIA. 


Note: 

Standard polarity is positive output. 

For reverse polarity (negative output) add suffix “R”, ie. UES2601R. 
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ELECTRICAL SPECIFICATIONS 


UES2601- UES2603 


Type 

PIV 

Maximum 

Forward Voltage 
@ 

Maximum 

Reverse Current 
@ 

Maximum 

Reverse 

Recovery 



Tc = 250C 

Tc = 125»C 

Tc = 25°C 

Tc = 125“C 

Time* 

UES2601 

50V 

.930V 

@ 

15A 

tp = 300/xS 

.825V 

@ 

15A 

tp = 300mS 




UES2602 

UES2603 

lOOV 

150V 

20/zA 

4mA 

35nS 


* Measured in circuit Ip = 0.5A, = lA, = 0.25A 


Output Current vs. 
Case Temperature 



100 125 150 175 

— CASE TEMPERATURE (°C) 



80 100 120 140 160 180 

Tc - CASE TEMPERATURE (°C) 


Forward Current 



.4 .6 .8 1.0 1.2 

Vp — FORWARD VOLTAGE (V) 


Typical Reverse Current 



130 120 110 100 90 80 70 60 50 40 30 20 10 0 
Vr — REVERSE VOLTAGE (% OF PIV) 
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UES2601- UES2603 


Maximum Forward Surge 
vs. Number of Cycles 



1 2 5 10 20 50 100 200 

N — CYCLES OF 60 Hz SINEWAVE 


Thermal Impedance 



tp — PULSE WIDTH (mS) 


Reverse-Recovery Circuit 

50 10 fi 



NOTES: 

1. Oscilloscope: Rise time < 3ns; input impedance = 500. 

2. Pulse Generator: Rise time < 8ns; source impedance lOO. 

3. Current viewing resistor, non-inductive, coaxial recommended. 
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RECTIFIERS 

High Efficiency, 30A Center-Tap 


UES2604-UES2606 


FEATURES 

• Very Low Forward Voltage (1.15V) 

• Very Fast Recovery Times (SOnSec) 

• Low Profile Package 

• High Surge Capability 

• Low Thermal Resistance 

• Mechanically Rugged 

• Both Polarities Available 


DESCRIPTION 

The UES2604 series is specifically 
designed for operation in power switching 
circuits operating at frequencies of at 
least 20 KHz. 

This series combines two high efficiency 
devices Into one package, simplifying 
installation, reducing heat sink require- 
ments and the need to purchase 
matched components. 


ABSOLUTE MAXIMUM RATINGS 

Peak Inverse Voltage, UES2604 200V 

Peak Inverse Voltage, UES2605 300V 

Peak Inverse Voltage, UES2606 400V 

Maximum Average D.C. Output Current @ Tq = 100°C 30A 

Surge Current, 8.3mSec 300A 

Thermal Resistance, Junction to Case 1°C/W 

Operating and Storage Temperature Range — 55°C to +150°C 


POWER CYCLING 

These devices possess the unique ability to pass many 
thousands of cycles of a stress test designed to evaluate the 
integrity of the bonding systems used in the construction of 
power rectifiers. 

In this stress test, the case of the device is not heat sunk. 
Full rated forward current is supplied to force a case tem- 
perature increase at least 75°C, at which time, the current is 
removed and the case allowed to cool. The cycle is repeated a 
minimum of 5,000 times to simulate equipment being turned 
on and off. Extended power cycling tests demonstrate a product 
capability in excess of 25,000 cycles. 


SWITCHING CHARACTERISTICS 

The switching times of these ultra-fast rectifiers increase 
relatively little, with temperature or at different currents. Even 
in severe applications, such as catch diodes for switching 
regulators and output rectifiers for high frequency square 
wave inverters, these devices switch many times faster than 
the fastest associated transistors. Thus, the stresses on and 
powers dissipated in the switching transistors are substantially 
less than when using other rectifiers. 


MECHANICAL SPECIFICATIONS 



UES2604-UES2606 



ins. 

mm. 

A 

.875 MAX. 

22.23 MAX. 

B 

135 MAX 

3.43 MAX. 

C 

250-450 

6 35-11.43 

D 

.312 MIN. 

7.92 MIN. 

E 

.038-.043 DIA. 

0.97-1.09 DIA. 

F 

.188 MAX. RAD 

4.78 MAX. RAD. 

G 

1.177-1.197 

29.90-30.40 

H 

.655- 675 

16.64-17.15 

J 

205-.225 

5 21-5.72 

K 

.420- 440 

10.67-11.18 

L 

525 MAX RAD 

13 34 MAX. RAD. 

M 

151- 161 DIA. 

3.84-4.09 DIA. 



Note: 

Standard polarity is positive output. 

For reverse polarity (negative output) add suffix “R”, ie. UES2604R. 
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ELECTRICAL SPECIFICATIONS, PER LEG 


UES2604-UES2606 


Type 

PIV 

Maximum 

Forward Voltage 

Maximum 

Reverse Current 

Maximum 

Reverse 

Recovery 

Time* 

Tc = 25°C 

Tc = 125'>C 

Tc = 25'’C 

Tc = 125»C 

UES2604 

200V 

1.25V 

1.15V 




UES2605 

300V 

@ 15A 

@ 15A 

50/rA 

10mA 

50nS 

UES2606 

400V 

tp = 300/rS 

tp = 300AtS 





*Measured in circuit If = .5A, Ir =1A, Irec = ^SA 


Output Current vs. 
Case Temperature 



100 110 120 130 140 150 

Tc — CASE TEMPERATURE (»C) 


Peak Output Current vs. 
Case Temperature 



Tc - CASE TEMPERATURE (°C) 


Forward Current 



.1 .2 .3 .4 .5 .6 .7 .8 .9 1.0 1.1 1.2 1.3 1.4 1.5 
Vp - FORWARD VOLTAGE (V) 


Typical Reverse Current 
vs. Reverse Voltage 



Vr — REVERSE VOLTAGE (% OF PIV) 


UNITRODE CORPORATION • 5 FORBES ROAD 
LEXINGTON, MA 02173 • TEL. (617) 861-6540 
TWX (710) 326-6509 • TELEX 95-1064 


6-108 


PRINTED IN U.S.A. 







UES2604-UES2606 


Maximum Forward Surge 



1 2 5 10 20 50 100 200 

N — CYCLES OF 60 Hz SINEWAVE 


Thermal Impedance 



Reverse-Recovery Circuit 


50 9. 10 S 



NOTES: 

1. Oscilloscope: Rise time < 3ns; input impedance = 50Q. 

2. Pulse Generator: Rise time ^ 8ns; source impedance 1012. 

3. Current viewing resistor, non-inductive, coaxial recommended. 
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RECTIFIERS 

Radiation Tolerant, 1 Amp-2 Amp 


UR105-UR125 

UR205-UR225 


FEATURES 

• Radiation Tolerant: to 10'^ NVT 

• Continuous Rating: to 2A 

• Controlled Avalanche 

• Surge Rating: to 25A 

• Miniature Package 


DESCRIPTION 

These devices are particularly suited to 
applications where radiation is present. 
These units have unique ability to with- 
stand high levels of neutron, gamma and 
electron radiation. 


ABSOLUTE MAXIMUM RATINGS 


Peak Inverse Voltage 

1 Amp 

Series 

2 Amp 

Series 

50V 

UR105 

UR205 

lOOV 

URllO 

UR210 

150V 

UR115 

UR215 

200V 

UR120 

UR220 

250V 

UR125 

UR225 


Maximum Average D.C. Output Current 

@T^ = 25°C 

@ T^ = 100°C 

Non-Repetitive Sinusoidal 

Surge Current (8.3ms) 

Operating Temperature Range 

Storage Temperature Range 

Thermal Resistance 


1 AMP 

2 AMP 

SERIES 

SERIES 

lA 

2A 

.. 0.5A 

lA 

.. 20A 

25A 


-195°C to +175°C 

-195°C to +200°C 

See Lead Temperature Derating Curve 


MECHANICAL SPECIFICATIONS 


UR105-UR125 UR205-UR225 



Part Identification: White band indicates “UR.” Part num- 
ber printed on body. 

Polarity: Denoted by white band. 

Weight: 0.26 grams, typical. 
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UR105-UR205 UR110-UR210 UR115-UR215 UR120-UR220 UR125-UR225 


ELECTRICAL SPECIFICATIONS (at 25°C unless noted) 


Type 

PIV 

Maximum 

Forward 

Voltage 

Drop 

Maximum 

Leakage 

Current 
@ PIV 

Maximum 

Radiation 

Tolerance 

25°C 

100°C 

UR205 

50V 




10'^ NVT 

UR210 

lOOV 




10i^> 

UR215 

150V 

l.OV @ lA 

3/zA 

50/iA 

10'5 

UR220 

200V 




1014 

UR225 

250V 




10'4 

UR105 

50V 




10'6 

URllO 

lOOV 




10'6 

UR115 

150V 

l.OV @ 0.5A 

3/iA 

50^A 

10'5 

UR120 

200V 




10'4 

UR125 

250V 




10'4 


Maximum Current 



Maximum Current 



25 50 75 100 125 150 175 

Tl — LEAD TEMPERATURE (“C) 


25 50 75 100 125 150 175 

Tl — LEAD TEMPERATURE (°C) 


Allowable Forward Surge vs Number of Cycles 

100 

80 

60 

40 

20 

0 

1 10 100 1.000 

CYCLES AT 60 HALF SINE WAVE 
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PULSE CURRENT (A) REVERSE CURRENT (mA) 


UR105-UR205 UR110-UR210 UR115-UR215 UR120-UR220 UR125-UR225 


Typical Reverse Current vs PIV 


ALL SERIES 









50“C 


/ 

— 

— 



n 






J 






j 




X 

25“C 


n 


— 

— 



7 
















75°C 







— ' 


















/ 

125"C 














150 100 50 0 

% OF PIV 


Typical Forward Current Typical Forward Current 

vs Forward Voltage vs Forward Voltage 




0 .2 .4 .6 .8 1 1.2 1.4 0 .2 .4 .6 .8 1 1.2 1.4 

Vf — VOLTAGE (V) Vp — VOLTAGE (V) 




•Ims l/.iS lOiuS IOOms 1ms 10ms 100ns 1/us lO^ts IOOms 1ms 10ms 


PULSE DURATION (SECONDS) 


PULSE DURATION (SECONDS) 
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DUAL POWER SCHOTTKY RECTIFIERS 

60A Pk, 45V 


USD320C 

USD335C 

USD345C 


FEATURES 

• Very Low Forward Voltage 

• Low Recovered Charge 

• Rugged Package Design (TO-3) 

• High Efficiency for Low Voltage Supplies 

• 45V Blocking @ Rated T,max 

• 50V Repetitive Surge Voltage 

• Dual Schottky Rectifier in a Single Package 


DESCRIPTION 

The USD300C series has two Schottky 
barriers arranged in a common cathode 
configuration and is ideally suited for a 
full wave output rectifier in low voltage 
switching power supplies. 


ABSOLUTE MAXIMUM RATINGS (Total for USD300C Series) USD320C USD335C USD345C 

Average Rectified Forward Current, Iq @ Tc= 100°C 30A 


ABSOLUTE MAXIMUM RATINGS (Per Diode) 

Working Peak Reverse Voltage Vr^ivi 

DC Blocking Voltage, Vr 

Peak Repetitive Surge Voltage, Vrsm @ Irm 

Average Rectified Forward Current, Iq 

Non-repetitive Peak 

Surge current (8.3 mS), Irsm 

Peak Reverse Transient Current, Irm 

Storage Temperature Range, Tstg 

Peak Operating Junction Temperature, Tj max • • • 
Thermal Resistance, Junction to Case,R 0 jc — 

* Each Anode Pin Limited to 18A Average. 

Package Capability 30A Average 

ELECTRICAL CHARACTERISTICS (Tqase = 25° C) 


20V 

35V 

45V 

20V 

35V 

45V 

24V 

42 V 

54 V 


30A in full wave configuration* 


500A 

2A 

-55°C to +200°C. 

175°C 

.... 1.4°C/W .... 


Characteristic 

Symbol 

Limit 

Units 

Conditions 

Maximum Instantaneous 

*R 

10 

mA 

Tc = 25°C, Vr = Vrwm 

Reverse Current 


50 

mA 

Tc= 125°C 





Pulse Width = 400 /tS 





Duty Cycle = 1 percent 

Maximum Instantaneous 

Vf 

0.57 

V 

ip = lOA, Tc = 25°C 

Forward Voltage 


0.66 

V 

ip = 20A, Tc = 25°C 



0.60 

V 

ip = 20A, Tc = 125°C 





Pulse Width = 300)uS 





Duty Cycle = 1 percent 

Capacitance 

Ct 

2000 

pF 

Vr = 5.0V 

Voltage Rate of Change 

dv/dt 

1000 

v//iS 

Vr = Vrwm 


MECHANICAL SPECIFICATIONS 


NOTE: 

Leads may be soldered to v/ithin 
i/ie" of base provided temperature- 
time exposure is less than 260‘’C 
for 10 seconds. 


A 4--+ 




CASE (CATHODE) 


USD300C SERIES 




ins. 

mm. 

A 

875 MAX. 

22.23 MAX. 


.135 MAX. 

3.43 MAX. 

c 

.250-.450 

6.35-11.43 

D 

.312 MIN. 

7.92 MIN. 

E 

.038- 043 DIA. 

0.97-1.09 DIA. 

F 

.188 MAX. RAD. 

4.78 MAX. RAD. 

G 

1.177-1.197 

29.90-30.40 

H 

655-.675 

16.64-17.15 

J 

.205- .225 

5.21-5.72 

K 

.420- 440 

10 67-11.18 

L 

525 MAX. RAD 

13 34 MAX RAD 

M 

.151-.161 DIA. 

3 84-4.09 DIA. 



Notes: Ail metal surfaces tin plated. 
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- CURRENT (A) 


USD320C USD335C USP345C 


Typical Forward Current 
vs. Forward Voltage 



Typical Reverse Current 
vs. Reverse Voltage 



0 20 40 60 80 100 120 

% of Vr 


Vk,m„, Rating vs. Case Temperature 













u 

SD345 

C 


1 








1 




u 

SD335 

C 


11 








1 








1 




L 

'SD32( 

€ 










\l 
















\ 


-50 0 25 50 75 100 125 150 175 

Case Temperature (°C) 
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POWER SCHOTTKY RECTIFIERS 

150 Amp Pk, Up to 45V 


USD520 

USD535 

USD545 

USD550 


FEATURES 

• Very Low Forward Voltage (0.6V at GOA, 125°C) 

• Low Recovered Charge 

• Rugged Package Design (DO-5) 

• High Efficiency for Low Voltage Supplies 

• Low Thermal Resistance (0.8®C/W) 

• High Surge Current (lOOOA) 

• Low Reverse Current (<50mA at rated vr at 125°C) 

• Available with Flexible Top Lead 


DESCRIPTION 

This series of Schottky barrier power 
rectifiers is ideally suited for output 
rectifiers and catch diodes In low 
voltage power supplies. The Unitrode 
high conductivity design, using a heavy 
copper top post and 4 point crimp, 
ensures cool thermal operation and low 
dynamic impedance. Rugged design 
absorbs stress that can damage glass-to- 
metal seal during installation and use. 


ABSOLUTE MAXIMUM RATINGS 

USD520 USD535 USD545 USD550 

Working Peak Reverse Voltage, Vrwm 20V 35V 45V 50V 

DC Blocking Voltage, Vr 20V 35V 45V 50V 

Peak Repetitive Surge Voltage, Vrsm @ Irm 24V 42V 54V GOV 

Peak Repetitive Forward Current 
(Rated Vr, Square Wave, 20KHz, 

50 percent Duty Cycle), Ifrm 150A (at Tc = 115®C) 

Average Rectified Forward Current, Irav) 75A (atTc = 115®C) 


Non-repetitive Peak Surge Current (8.3mS), Ifsm lOOOA 

Peak Reverse Transient Current, Irm 2A 

Storage Temperature Range, Tstg ”55® to +200®C 

Operating Junction Temperature, Tj +175®C 

Thermal Resistance Junction-to-Case, R^jc 0.8®C/W 


MECHANICAL SPECIFICATIONS 



Notes: 

1. Cathode is stud. 

2. All metal surfaces tin plated. 

3. Maximum unlubricated stud torque: 30 inch pounds (35 kg. cm). 

4. Angular orientation of terminal is undefined. 
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USD520 USD535 USD545 USD550 


ELECTRICAL CHARACTERISTICS (Tcase = 25X) 


Characteristic 

Symbol 

Limit 

Units 

Conditions 

Maximum Instantaneous 

Reverse Current 

ip 

USD545 

USD550 

mA 

Vr = Vrwm 
(T c = 125X) 

Pulse Width = 300AfS, 

Duty Cycle = 1 percent 

20 

(50) 

20 

(75) 

Maximum Instantaneous 


0.50 

V 

ip = lOA, Tc = 25‘‘C 

Forward Voltage 

Vf 

0.68 

V 

ip = 60A, Tc = 25‘’C 



0.60 

V 

ip = 60A, Tc = 25°C 

Flexible Top Lead Option 

Vf 

(0.63) 

V 

ip = 60A, (Tc = 125‘’C) 

Maximum Capacitance 

Ct 

4000 

PF 

Vr = 5.0V 

Maximum Voltage 

Rate of Change 

dv/dt 

1000 

y/fjs 

Vr = rated 


Typical Forward Current 
vs Forward Voltage 



0 1 .2 .3 .4 .5 .6 .7 .8 .9 1.0 


Typical Reverse Current 



0 10 20 30 40 50 60 70 80 90 100 


Vf-FORWARD voltage (V) 


Vr-REVERSE voltage (% of Vrwm) 


Maximum Current 
vs Case Temperature 



100 125 150 175 


Tc — CASE TEMPERATURE (X) 
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USD520 USD535 USD545 USD550 


\m*xi Rating vs 
Case Temperature 



-50 -25 0 25 50 75 100 125 150 175 

CASE TEMPERATURE TO 


MECHANICAL SPECIFICATIONS 


FLEXIBLE TOP LEAD (OPTIONAL) USD520F 

Add an "F” Suffix to Part Number. USD535F 

USD545F 

USD550F 



I *To 125°C (Ambient) 

Note: Consult Factory for Non-standard Lead Lengths. 



INCHES 

MILLIMETERS 

M 

.718 MAX. 

18.24 MAX 

N 

4.50 ± .250 

114.3 ±6.35 

P 

.525 MAX. 

13.23 MAX. 

_Q_ 

675 ± .035 

17.15 ± 0.89 

R 

.205 ± 005 

5.21 ±0.13 

S 

075 ± .010 

1.91 ± 0.25 

T 

1.125 MAX 

28.58 MAX. 
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POWER SCHOTTKY RECTIFIERS 

150A Pk, 45V 


FEATURES 

• Very Low Forward (0.6V at 75A, 125®C) 

• High Reverse Surge Voltage (60V) 

• Low Recovered Charge 

• Rugged Package Design (DO-5) 

• High Efficiency for Low Voltage Supplies 

• Low Thermal Resistance (0.8® C/W) 

• High Surge Current (lOOOA) 

• Low Reverse Current (<50mA at rated Vr at 125®C) 

• High Reliability Screening 


DESCRIPTION 

The LISD545 Schottky barrier power 
rectifier is ideally suited for output rectifiers 
and catch diodes in low voltage power 
supplies. Unitrode semiconductors are 
inherently high-reliability devices; however, 
for those users who want the ultimate 
assurance of reliability, we offer the 
USD545 Schottky with 100% HR-SH 
screening as described elsewhere within 
this data sheet. 


ABSOLUTE MAXIMUM RATINGS 

Working Peak Reverse Voltage Vrwm 45V 

DC Blocking Voltage, Vr 45V 

Peak Repetitive Transient Voltage, Vrsm 60V 

Peak Repetitive Forward Current 
(Rated Vr, Square Wave, 20KHz, 

50 percent Duty Cycle), Ifrm 150A (at Tc = 115®C) 

Average Rectified Forward Current, If(av) 75A (at Tc = 115®C) 

Non-repetitive Peak Surge Current (8.3mS), Ifsm lOOOA 

Peak Reverse Surge Current, Irm 2A 

Storage Temperature Range, Tstg -55®C to +200®C 

Operating Junction Temperature, Tj +175®C 

Thermal Resistance Junction-to-Case, R^jc 0.8°C/W 


MECHANICAL SPECIFICATIONS 


USD545HR2 





Notes: 

1. Cathode is stud. 

2. Ail metal surfaces tin plated. 

3. Maximum unlubricated stud torque: 30 inch pounds (35 kg. cm). 

4. Angular orientation of terminal is undefined. 
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USD545HR2 

ELECTRICAL CHARACTERISTICS (Tcase =25°C) 


Characteristic 

Symbol 

Max. 

Units 

Conditions 

Maximum Instantaneous 
Reverse Current 

Ir 

10 

mA 

Vr =45V 

Tc = 25°C 



50 


Tc = 125°C 



175 


Tc = 150°C 

Pulse Width = 300/;S 

Duty Cycle = 1 percent 

Maximum Instantaneous 
Forward Current 

Vf 

0.70 

V 

If = 75A 

Tc = 25°C 



0.60 


Tc = 125‘’C 



0.55 


Tc= 150“C 

Pulse Width = SOOfjS 

Duty Cycle = 1 percent 

Capacitance 1 

Ct 

4000 

PF 

Vr =5V 

Voltage Rate of Change 

dv/dt 

1000 

y/fjS 

Vr = 45V 

Reverse Energy 

Er 

2 

A 

Duty Cycle < 1 percent 


See Reverse Energy Circuit. 


Vr(max) vs 

Case Temperature 



Typical Reverse Current 
vs Reverse Voltage 



45 40 35 30 25 20 15 10 5 0 

V„ REVERSE VOLTAGE (% OF Vrwm) 


Q-cr 

Lua: 

xt 


Peak Repetitive 
Forward Current 



Tc-CASE TEMPERATURE 


Typical Forward Current 
vs. Forward Voltage 
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USD545HR2 


HR-SH 

This specification outlines the screening operations to which devices shall be subjected. 

1. ER with peak current of 2A (See Reverse Energy Circuit). 

2. Hermetic Seal: Qross^Leak } P®'' MIL-STD750 Method 1071 

3. Thermal Cycling: Ten (10) cycles. Each cycle consists of fifteen (15) minutes at 200°C ambient, transfer immediately to -65®C ambient 
for fifteen (15) minutes and immediately return to 200°C again. 

4. Reverse Bias Operation: 36V shall be applied for one-hundred and sixty -eight (168) hours at 150°C. Temperature is then reduced to 
25®C over a period of not less than one (1) hour with full voltage maintained. 

5. Electrical Measurements: All parameters shall be measured to insure conformance with specifications. Any parts exceeding specified 
limits or exhibiting unusual characteristics shall be removed from the lot. 


Reverse Energy Circuit 




tp, adjust for desired peak current in D.U.T. when Q turns off. 
Qi, must have fall time tfOf IQOnS max. 
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POWER SCHOTTKY RECTIFIERS 

12A Pk, up to 45V 


USD620 

USD635 

USD640 

USD645 


FEATURES 

• Very Low Forward Voltage 

• Reverse Transient Capability 

• Economical Convenient Plastic Package 

• Mechanically Rugged 

• 45V Working Voltage @ Rated Tj(max) 


DESCRIPTION 

The USD600 series of Schottky power 
rectifiers is ideally suited for output 
rectifiers and catch diodes in high 
frequency low voltage power supplies. 


ABSOLUTE MAXIMUM RATINGS 

Working Peak Reverse Voltage, Vrwm 

DC Blocking Voltage, Vr 

Peak Repetitive Surge Voltage, Vrsm @ Irm 

Average Rectified Forward Current @ Tc = 115®C, If (av) 

Peak Repetitive Forward Current (Rated Vr, 

Square Wave, 20 KHz, 50% Duty Cycle, @ Tc = 115°C), Ifrm 

Non-repetitive Peak Surge Current (8.3ms), Ifsm 

Peak Reverse Transient Current, Irm 

Operating Junction Temperature, T, 

Storage Temperature Range, Tstg 

Thermal Resistance, Junction to Case, R^jc 


USD620 USD635 USD640 USD645 

.. 20V 35V 40V 45V... 

.. 20V 35V 40V 45V... 

.. 24V 42V 48V 54V... 

6A 

12A 

150A 

lA 

150°C 

-55°Cto+150‘’C 

3.0°C/W 


ELECTRICAL CHARACTERISTICS (Tcase = 25° C) 


CHARACTERISTIC 

SYMBOL 

LIMIT 

UNITS 

CONDITIONS 

Maximum Instantaneous 

Reverse Current 

ifi 

5 

mA 

Vr = Vrwm 

Pulse Width = 400//S 

Duty Cycle = 1 percent 

Maximum Instantaneous 

Reverse Current 

ifi 

50 

mA 

Vr = Vrwm 

Pulse Width = AOO/js 

Duty Cycle = 1 percent 

Tc = 125°C 

Maximum Instantaneous 

Forward Voltage 

Vf 

0.55 

0.65 

V 

If = 6A 
iF= 12A 

0.48 

0.60 

V 


Capacitance 

Ct 

1000 

pF 

Vr = 5V 

Voltage Rate of Change 

dv/dt 

1000 

y/fjs 

Vr = Vrwm 


MECHANICAL SPECIFICATIONS 


USD600 SERIES 


DIM 

MILLIMETERS 

INCHES 1 

MIN 

MAX 

MIN 

MAX 

A 

14 23 

15 87 

0 560 

0 625 

B 

9 66 

10 66 

0 380 

0 420 

C 

3 56 

4 82 

0 140 

0 190 

0 

051 

1 14 

0 020 

0 045 

F 

3 531 

3 733 

0 139 

0 147 

G 

2 29 

2 79 

0 090 

0 no 

H 

— 

6 35 

— 

0 250 

J 

0 38 

0 64 

0015 

0 025 

K 

12 70 

14 27 

0 500 

0 562 

L 

1 14 

1 77 

0 045 

0 070 


4 83 

5 33 

0 190 

0 210 

Q 

2 54 

3 04 

0 100 

0 120 

R 

2 04 

2 92 

0 080 

0 115 

S 

1 14 

1 39 

0 045 

0 055 

T 

5 85 1 

6 85 

0 230 

0 270 
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FORWARD CURRENT (A) " FORWARD CURRENT (A) 


USD620 USD635 USD640 USD645 


Forward Current 
vs. Forward Voltage 



0 .2 .4 .6 .8 1.0 


Vf - VOLTAGE (V) 


Reverse Current 



0 20 40 60 80 100 120 


% of Vr (V) 


Average Forward Current 
vs. Temperature 



0 25 50 75 100 125 150 

TEMPERATURE (“C) 



-50 -25 0 25 50 75 100 125 150 175 

TEMPERATURE (°C) 


UNITRODE CORPORATION • 5 FORBES ROAD 
LEXINGTON, MA 02173 • TEL. (617) 861-6540 
TWX (710) 326-6509 • TELEX 95-1064 


6-122 


PRINTED IN U.S.A. 




DUAL POWER SCHOTTKY RECTIFIERS 

12 A Av, up to 45V 


USD620C 

USD635C 

USD640C 

USD645C 


FEATURES 

• Very Low Forward Voltage 

• Reverse Transient Capability 

• Economical Convenient Plastic Package 

• Mechanically Rugged 

• 45V Working Voltage @ Rated T,(max) 


DESCRIPTION 

The USD600C series of power Schottky rectifiers, in the industry standard TO-220 
package, is specifically designed for operation in power switching circuits to 
frequencies in excess of 100 KHz. The series combines Schottky rectifiers in one 
convenient package; thus, simplifying installation, reducing heatsink requirements 
and component parts count. 


ABSOLUTE MAXIMUM RATINGS (Per Diode Unless Otherwise Noted) 

Working Peak Reverse Voltage, Vrwm 

DC Blocking Voltage, Vr 

Peak Repetitive Surge Voltage, Vrsm @ Irm 

Average Rectified Forward Current @ Tc = 115®C, lo* 

Non-repetitive Peak Surge Current (8.3ms), Ifsm 

Peak Reverse Transient Current, Irm 

Operating Junction Temperature, T, 

Storage Temperature Range, Tstg 

Thermal Resistance, Junction to Case, R^jc 

*Full Wave Center-Tap; lo iav) 20 KHz Square Wave 


USD620C USD635C USD640C USD645C 

... 20V 35V 40V 45V.... 

... 20V 35V 40V 45V.... 

.. 24V 42V 48V 54V.... 

12A 

150A 

lA 

150“C 

-55‘^C to +150*0 

3.0°C/W 


ELECTRICAL CHARACTERISTICS (T^^se = 25°C) (Per Diode) 


CHARACTERISTIC 

SYMBOL 

LIMIT 

UNITS 

CONDITIONS 

Maximum Instantaneous 

Reverse Current 

Ir 

5 

mA 

Vr = Vrwm 

Pulse Width = 400/;fS 

Duty Cycle = 1 percent 

Maximum Instantaneous 

Reverse Current 

Ir 

50 

mA 

Vr = Vrwm 

Pulse Width = 400/js 

Duty Cycle = 1 percent 

Tc = 125"C 

Maximum Instantaneous 

Forward Voltage 

Vf 

0.55 

0.65 

V 

If = 6A 

If = 12A 

0.48 

0.60 

'' 


Capacitance 

Ct 

1000 

PF 

Vr = 5V 

Voltage Rate of Change 

dv/dt 

1000 

V/fjs 

Vr = Vrwm 


MECHANICAL SPECIFICATIONS 




4/82 


6-123 





lo - OUTPUT CURRENT (A) If - FORWARD CURRENT (A) 


USD620C USD635C USD640C USD645C 


Forward Current 
vs. Forward Voltage 



0 .2 .4 .6 .8 1.0 


Vf - VOLTAGE (V) 



0 20 40 60 80 100 120 

% of Vr (V) 


Average Output Current 



0 25 50 75 100 125 150 


TEMPERATURE (°C) 



-50 -25 0 25 50 75 100 125 150 175 

TEMPERATURE (°C) 
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POWER SCHOTTKY RECTIFIERS 

16A Pk, up to 45V 


USD720 

USD735 

USD740 

USD745 


FEATURES 

• Very Low Forward Voltage 

• Reverse Transient Capability 

• Economical Convenient Plastic Package 

• Mechanically Rugged 

• 45V Working Voltage @ Rated T)(max) 


DESCRIPTION 

The USD700 series of Schottky power 
rectifiers is ideally suited for output 
rectifiers and catch diodes in high 
frequency low voltage power supplies. 


ABSOLUTE MAXIMUM RATINGS 

Working Peak Reverse Voltage, Vrwm 

DC Blocking Voltage, Vr 

Peak Repetitive Surge Voltage, Vrsm @ Irm 

Average Rectified Forward Current @ Tc = 115°C, If (av) 

Peak Repetitive Forward Current (Rated Vr, 

Square Wave, 20 KHz, 50% Duty Cycle, @ Tc = 115°C), Ifrm 

Non-repetitive Peak Surge Current (8.3ms), Ifsm 

Peak Reverse Transient Current, Irm 

Operating Junction Temperature, T, 

Storage Temperature Range, Tstg 

Thermal Resistance, Junction to Case, Rejc 


USD720 USD735 USD740 USD745 

.. 20V 35V 40V 45V .. 

... 20V 35V 40V 45V .. 

.. 24V 42V 48V 54V .. 

8A 

16A 

200A 

lA 

150‘’C 

-55°Cto+150°C 

2.8°C/W 


ELECTRICAL CHARACTERISTICS (Tcase = 25°C) 


CHARACTERISTIC 

SYMBOL 

LIMIT 

UNITS 

CONDITIONS 

Maximum Instantaneous 

Reverse Current 

Ir 

5 

mA 

Vr = Vrwm 

Pulse Width = 400ius 

Duty Cycle = 1 percent 

Maximum Instantaneous 

Reverse Current 

ip 

50 

mA 

Vr = Vrwm 

Pulse Width = 400^^s 

Duty Cycle = 1 percent 

Tc = 125X 

Maximum Instantaneous 

Forward Voltage 

Vf 

0.55 

0.65 

V 

If “ 8A 
iF= 16A 

0.48 

0.60 

V 


Capacitance 


1000 

pF 

Vr = 5V 

Voltage Rate of Change 

dv/dt I 

1000 

y/fjs 

Vr = Vrwm 


MECHANICAL SPECIFICATIONS 



DIM 

MILLIMETERS 

INCHES { 

MIN 

MAX 

MIN 

MAX 

A 

14 23 

15 87 

0 560 

0 625 

B 

9 66 

10 66 

0 380 

0 420 

C 

3 56 

4.82 

0 140 

0 190 

D 

051 

1 14 

0.020 

0 045 

F 

3 531 

3 733 

0139 

0 147 

G 

2 29 

2 79 

0 090 

0 no 

H 

— 

6 35 

— 

0 250 

J 

0 38 

0 64 

0015 

0 025 

K 1 

12 70 

14 27 

0 500 

0 562 

L 

1 14 

1 77 

0 045 

0 070 

N 

4 83 

5 33 

0 190 

0 210 

Q 

2 54 

3 04 

0 100 

0 120 

R 

2 04 

2 92 

0 080 

0 115 

S 

1 14 

1 39 

0 045 

0 055 

T 

5 85 

6 85 

0 230 

0 270 




UNITRODE 
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DUAL POWER SCHOTTKY RECTIFIERS 

16A Av, up to 45V 


USD720C 

USD735C 

USD740C 

USD745C 


FEATURES 

• Very Low Forward Voltage 

• Reverse Transient Capability 

• Economical Convenient Plastic Package 

• Mechanically Rugged 

• 45V Working Voltage @ Rated Tj(max) 


DESCRIPTION 

The USD700C series of power Schottky rectifiers, in the industry standard TO-220 
package, is specifically designed for operation in power switching circuits to 
frequencies in excess of 100 KHz. The series combines Schottky rectifiers in one 
convenient package; thus, simplifying installation, reducing heatsink requirements 
and component parts count. 


ABSOLUTE MAXIMUM RATINGS (Per Diode Unless Otherwise Noted) 

Working Peak Reverse Voltage, Vrwm 

DC Blocking Voltage, Vr 

Peak Repetitive Surge Voltage, Vrsm @ Irm 

Average Rectified Forward Current @ To = 115®C, lo* 

Non-repetitive Peak Surge Current (8.3ms), Ifsm 

Peak Reverse Transient Current, Irm 

Operating Junction Temperature, Tj 

Storage Temperature Range, Tstg 

Thermal Resistance, Junction to Case, R^jc 

*Full Wave Center-Tap; Ip (AV) 20KHz Square Wave 


USD720C USD735C USD740C USD745C 

...20V 35V 40V 45V... 

...20V 35V 40V 45V... 

...24V 42V 48V 54V... 

16A 

200A 

lA 

150‘’C 

-55X to+150°C 

2.8'’C/W 


ELECTRICAL CHARACTERISTICS (Tcase = 25^*0 (Per Diode) 


CHARACTERISTIC 

SYMBOL 

LIMIT 

UNITS 

CONDITIONS 

Maximum Instantaneous 

Reverse Current 

in 

5 

mA 

Vr = Vrwm 

Pulse Width = 400//S 

Duty Cycle = 1 percent 

Maximum Instantaneous 

Reverse Current 

Ir 

50 

mA 

Vr = Vrwm 

Pulse Width = 400/iS 

Duty Cycle = 1 percent 

Tc = 125‘’C 

Maximum Instantaneous 

Forward Voltage 

Vf 

0.55 

0.65 

V 

iF = 8A 
iF= 16A 

0.48 

0.60 



Capacitance 

Ct 

1000 

PF 

Vr = 5V 

Voltage Rate of Change 

dv/dt 

1000 

V///S 

Vr = Vrwm 


MECHANICAL SPECIFICATIONS 
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lo - OUTPUT CURRENT (A) If - FORWARD CURRENT (A) 


USD720C USD735C USD740C USD745C 


Forward Current 
vs. Forward Voltage 



0 .2 .4 .6 .8 1.0 


Vf - VOLTAGE (V) 


Reverse Current 
vs. Voltage 



Average Output Current 
vs. Temperature 



0 25 50 75 100 125 150 

TEMPERATURE (“C) 



-50 -25 0 25 50 75 100 125 150 175 

TEMPERATURE (“C) 
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POWER SCHOTTKY RECTIFIERS 

24A Pk, up to 45V 


USD820 

USD835 

USD840 

USD845 


FEATURES 

• Very Low Forward Voltage (0.45V max @ 12A) 

• Reverse Transient Capability 

• Economical Convenient Plastic Package 

• Mechanically Rugged 

• 45V Blocking Voltage @ Rated T,max 


DESCRIPTION 

The USD800 series of Schottky barrier 
power rectifiers is ideally suited for 
output rectifiers and catch diodes in 
low voltage power supplies. 


ABSOLUTE MAXIMUM RATINGS 

Working Peak Reverse Voltage, Vrwm 

DC Blocking Voltage, Vr 

Peak Repetitive Surge Voltage, Vrsm @ Irm 

Average Rectified Forward Current @ Tc = 115®C, lo 

Peak Repetitive Forward Current (Rated Vr, 

Square Wave, 20KHz, 50% Duty Cycle, @ Tc = 115°C), Ifrm 

Non-repetitive Peak Surge Current (8.3mS), Ifsm 

Peak Reverse Transient Current, Irm 

Operating Junction Temperature, Tj 

Storage Temperature Range, Tstg 

Thermal Resistance, Junction to Case, R^jc 


USD820 USD835 USD840 USD845 

..20V 35V 40V 45V 

..20V 35V 40V 45V 

..24V 42V 48V 54V 

12A 

24A 

200A 

lA 

150‘’C 

-55^0 to +150*^0 

2.4‘’C/W 


ELECTRICAL CHARACTERISTICS (Tcase = 25°C) 


CHARACTERISTIC 

SYMBOL 

LIMIT 

UNITS 

CONDITIONS 

Maximum Instantaneous 

Reverse Current 

Ir 

20 

mA 

Vr = Vrwm 

Pulse Width = 400//S 

Duty Cycle = 1 percent 

Typical Instantaneous 

Reverse Current 

i" 

50 

mA 

Vr = Vrwm 

Pulse Width = 400 a<S 

Duty Cycle = 1 percent 

Tc = 125°C 

Maximum Instantaneous 

Forward Voltage 

Vf 

0.59 

V 

-n ‘ 

It 

> 

0.51 

V 

If =12A 

Tc = 125‘’C 

Capacitance 

Ct 

2000 

pF 

Vr = 5V 

Voltage Rate of Change 

dv/dt 

1000 

V///S 

Vr = Vrwm 


MECHANICAL SPECIFICATIONS 


USD800 SERIES 


DIM 

MILLIMETERS 

INCHES 1 

MIN 

MAX 

MIN 

MAX 

A 

14 23 

15 87 

0 560 

0 625 

B 

9 66 

10 66 

0 380 

0 420 

C 

3 56 

4 82 

0 140 

0 190 

D 

051 

1 14 

0 020 

0 045 

F 

3 531 

3 733 

0 139 

0 147 

G 

2 29 

2 79 

0 090 

0 110 

H 


6 35 

— 

0 250 

J 1 

0 38 

0 64 

0015 

0 025 

K 

12 70 

14 27 

0 500 

0 562 

L 

1 14 

1 77 

0 045 

0 070 

N 

4 83 

5 33 

0 190 

0 210 

Q 

2 54 

3 04 

0 100 

0 120 

R 

2 04 

2 92 

0 080 

0 115 

s ! 

1 14 

1 39 

0 045 

0 055 

T 

5 85 

6 85 

0 230 

0 270 




4/82 


6-129 


UNITRODE 





=-OUTPUT CURRENT (A) 1^ _ FORWARD CURRENT (A) 


USD820 USD835 USD840 USD845 


Typical Forward Current 



0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 

Vf - VOLTAGE (V) 


Typical Reverse Current 
vs. Voltage 



% of Vr (V) 


Output Current 
vs. Temperature 



25 50 75 100 125 150 


TEMPERATURE CC) 



-50 -25 0 25 50 75 100 125 150 175 

TEMPERATURE ("C) 
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POWER SCHOTTKY RECTIFIERS 

32A Pk, up to 45V 


USD920 

USD935 

USD940 

USD945 


FEATURES 

• Very Low Forward Voltage (0.5V max @ 16A) 

• Reverse Transient Capability 

• Economical Convenient Plastic Package 

• Mechanically Rugged 

• 45V Blocking Voltage @ Rated Tjmax 


DESCRIPTION 

The USD900 series of Schottky barrier 
power rectifiers is ideally suited for 
output rectifiers and catch diodes in 
low voltage power supplies. 


ABSOLUTE MAXIMUM RATINGS 

Working Peak Reverse Voltage, Vrwm 

DC Blocking Voltage, Vr 

Peak Repetitive Surge Voltage, Vrsm @ Irm 

Average Rectified Forward Current @ Tc = 115®C, lo 

Peak Repetitive Forward Current (Rated Vr, 

Square Wave, 20KHz, 50% Duty Cycle, @ Tc = 115°C), Ifrm 

Non-repetitive Peak Surge Current (8.3mS), Ifsm 

Peak Reverse Transient Current, Irm 

Operating Junction Temperature, Tj 

Storage Temperature Range, Tstg - 

Thermal Resistance, Junction to Case, R^jc 


USD920 USD935 USD940 USD945 

. . 20V 35V 40V 45V . . 

. . 20V 35V 40V 45V . . 

. . 24V 42V 48V 54V . . 

16A 

32A 

250A 

2A 

150X 

-55‘’Cto+150‘»C 

2®C/W 


ELECTRICAL CHARACTERISTICS (Tcase = 25‘’C) 


CHARACTERISTIC 

SYMBOL 

LIMIT 

UNITS 

CONDITIONS 

Maximum Instantaneous 

Reverse Current 

Ir 

20 

mA 

Vr = VrwM 

Pulse Width = 400//S 

Duty Cycle = 1 percent 

Typical Instantaneous 

Reverse Current 

Ir 

50 

mA 

Vr = VrwM 

Pulse Width = 400/iS 

Duty Cycle = 1 percent 

Tc = 125^ 

Maximum Instantaneous 

Forward Voltage 

Vf 

0.6 

V ! 

1 

< 

II 

0.53 

V 1 

If =16A 

Tc = 125°C 

Capacitance 

Ct 

2000 

PF 

Vr = 5V 

Voltage Rate of Change 

dv/dt 

1000 

y/fjiS ! 

Vr = Vrwm 


MECHANICAL SPECIFICATIONS 



DIM 

MILLIMETERS 

INCHES 1 

MIN 

MAX 

MIN 

MAX 

A 

14 23 

15 87 

0.560 

0 625 

B 

9 66 

10 66 

0 380 

0.420 

c 

3 56 

4 82 

0 140 

0 190 

D 

051 

1 14 

0 020 

0 045 

F 

3.531 

3 733 

0139 

0.147 

G 

2 29 

2 79 

0 090 

0 110 

H 

— 

6 35 

— 

0 250 

J 

0 38 

0 64 

0 015 

0.025 

K 

12 70 

14 27 

0 500 

0 562 

L 

1 14 

1 77 

0 045 

0 070 

N 

4 83 

5 33 

0 190 

0 210 

0 

2 54 

3 04 

0.100 

0 120 

R 

2 04 

2 92 

0 080 

0 115 

S 

1,14 

1 39 

0 045 

0.055 

T 

5 85 

6 85 

0 230 

0 270 
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FORWARD CURRENT (A) 


USD920 USD935 USD940 USD945 


Typical Forward Current 



0,0 0.1 0.2 0.3 0.4 0.5 0 6 0.7 0 8 0 9 1 0 

Vf - VOLTAGE (V) 


Typical Reverse Current 
vs. Voltage 



Output Current 
vs. Temperature 



0 25 50 75 100 125 150 

TEMPERATURE (°C) 



-50 -25 0 25 50 75 100 125 150 175 

TEMPERATURE (°C) 
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POWER SCHOTTKY RECTIFIERS 

lA, Up to 40V 


USD1120 

USD1130 

USD1140 


FEATURES 

• Very Low Forward Voltage 

(0.45V max @ lA for the USD1120) 

• Low Stored Charge, Majority Carrier 
Conduction 

• Economical, Convenient Plastic Package 

• Small Size 


DESCRIPTION 

The USD1120, USD1130 and USD1140 
series of Schottky barrier rectifiers are 
ideally suited for use as rectifiers in low 
voltage, high frequency inverters, as free 
wheeling diodes and as polarity protection 
diodes. 


ABSOLUTE MAXIMUM RATINGS 

Peak Repetitive Reverse Voltage, Vrrm 

Working Peak Reverse Voltage, Vrwm 

DC Blocking Voltage, Vr 

Non-Repetitive Peak Reverse Voltage, Vrsm 

RMS Reverse Voltage, Vr(rms) 

Average Rectified Forward Current, lo 

(VR,equ,v) < 0.2 Vr(DC), Tl = 90°C, 

R^ja = 80°C/W, PC Board Mounting, 
see Note 1, Ta = 55°C) 

Ambient Temperature, Ta 

(Rated Vr(DC), Pf(av) = 0, Raja = 80°C/W) 

Non-Repetitive Peak Surge Current, Ifsm 

(Surge applied at rated load conditions, half-wave, 
single phase 60Hz, Tl = 70°C) 

Operating and Storage Junction Temperature Range, . . 
(Reverse Voltage Applied) 

Thermal Resistance, Junction to Ambient (Note 1), R ja 


USD1120 

USD1130 

USD 1140 

... 20V 

30V 

40V .. . 

... 20V 

30V 

40V .. . 

...20V 

30V 

40V .. . 

...24V 

36V 

48V .. . 

... 14V 

21V 

28V .. . 


l.OA 



85^C 80°C 75‘’C 

50A (for one cycle) 

-65°Cto+150°C 

80°C/W Max 



Note 1: Lead Temperature reference is cathode lead ^^2" from case. 


MECHANICAL SPECIFICATIONS 
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USD1120 USD1130 USD1140 


ELECTRICAL SPECIFICATIONS (T,^ = 25°C unless noted) 


CHARACTERISTIC 

SYMBOL 

USD1120 

USD1130 

USD1140 

UNITS 

CONDITIONS 

Maximum Instantaneous 

Forward Voltage (Note 2) 

Vf 

0.450 

0.475 

0.500 

V 

iF= l.OA 

0.600 

0.625 

0.650 

V 

iF = 3.1A 

Maximum Instantaneous 

Reverse Current @ Rated 

DC Voltage (Note 2) 

ip 

1.0 

1.0 

1.0 

mA 

Tl = 25°C 

10 

10 

10 

mA 

Tl = 100°C 


Note 2: Pulse width = 300yws; duty cycle = 2%. 


Typical Reverse Current 
vs Reverse Voltage 



Typical Forward Voltage vs 
Forward Current (USD 1120) 



Vr - REVERSE VOLTAGE (% of Vrwm) 


Vf - FORWARD VOLTAGE (V) 


Typical Forward Voltage vs 
Forward Current (USD1130. USD1140) 
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Vf - FORWARD VOLTAGE (V) 


Output Current vs 
Lead Temperature 


i 0.6 



75 85 95 105 115 125 135 145 

Tl - LEAD TEMPERATURE (°C) 
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POWER SCHOTTKY MODULES 

lOOA, Up to 50V 


USM140C 

USM145C 

USM150C 

Preliminary 


FEATURES 

• Low Forward Voltage 

• Low Recovered Charge 

• High Reverse Transient Capability 

• High Surge Current 

• High Efficiency for Low Voltage Designs 


DESCRIPTION 

The Unitrode Schottky Module utilizes 
high current Schottky rectifiers, in a 
convenient single package, arranged in a 
common cathode configuration. The 
combination of low thermal resistance and 
high conductance terminals makes this 
device ideally suited for high current full 
wave center-tap rectification or feed- 
forward applications. 


ABSOLUTE MAXIMUM RATINGS (per diode unless noted) 

Working Peak Reverse Voltage, V^wm 

DC Blocking Voltage, Vr 

Peak Repetitive Surge Voltage, Vrsm 

Peak Repetitive Forward Current 
(Rated Vr, Square Wave, 20KHz 

50 Percent Duty Cycle), Ifrm 

Average Rectified Forward Current, lo 

Non-repetitive Peak Surge Current, Ifsm 

Peak Reverse Transient Current, Irm 

Storage Temperature Range, Tstg 

Operating Temperature Range, Tj 

Thermal Resistance, R^ jbp 


USM140C USM145C USM150C 

..40V 45V 50V... 

. . 40V 45V 50V .. . 

. . 48V 54V 60V .. . 


lOOA 

lOOA (@ Tc = 115®C Fullwave Configuration) 

lOOOA 

2A 

-40°Cto+ 150“C 

-40°C to + 175®C 


0.7®C/W per module 


MECHANICAL SPECIFICATIONS 


USM140C USM145C USM150C 



INCHES 

MILLIMETERS 

MIN. 

MAX. 

MIN. 

MAX. 

A 

1.177 

1.197 

20.39 

30.40 

B 

.030 

.035 

.762 

.889 

c 

.365 

.385 

9.27 

9.78 

D 

.370 

.390 

9.40 

9.91 

E 

— 

.880 

— 

22.35 

F 

.160 

.180 

4.06 

4.57 

G 

.270 

.290 

6.87 

7.37 

H 

.151 

.161 

3.84 

4.09 

J 

— 

.188 RAD. 

— 

4.78 RAD. 

K 

.030 

.035 

.762 

.889 

L 

— 

.525 RAD. 

— 

13.34 RAD. 

T 

Tbp Ref. Point - Geometric 

Center of Base Plate 
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USM140C USM145C USM150C 


ELECTRICAL CHARACTERISTICS (Tbp = 25**C unless noted) (Per Diode) 


CHARACTERISTICS 

SYMBOL 

CONDITIONS 

LIMIT 

UNITS 

Maximum Instantaneous 

Reverse Current 

in 

Vr = Vrwm 
(Tbp = laSX) 

Pulsewidth = 400//S 

Duty Cycle = 1% 

20 

(75) 

mA 

Maximum Instantaneous 

Forward Voltage 

Vf 

If = 60A 
(Tbp = 125^0 

Pulsewidth = SOOtis 

Duty Cycle = 1% 

.690 

(.630) 

V 

Maximum Instantaneous 

Forward Voltage 

Vf 

If = lOOA 
(Tbp = 125X) 

Pulsewidth = 300//S 

Duty Cycle = 1% 

.860 

(.775) 

V 

Capacitance 

Ct 

Vr = 5V 

3000 

PF 

Voltage Rate of Change 

dv/dt 

Vr = Vrwm 

1000 

V/AiS 

Reverse Energy 

Irm 

See Reverse Energy Circuit 

2 

A 



0 0.1 0.2 0.3 0.4 0 5 0.6 0.7 0.8 0 9 1.0 

Vf - FORWARD VOLTAGE (V) 


Output Current vs 



100 no 120 130 140 150 

Tbp - BASE PLATE TEMPERATURE (”C) 



0 10 20 30 40 50 60 70 80 90 100 

Vr - REVERSE VOLTAGE {% of Vrwm) 


Reverse Energy Circuit 



tp adjust for desired peak current in D.U.T. when Q turns off. 
Qi must have fall time tf of 100ns max. 


UNITRODE CORPORATION • 5 FORBES ROAD 
LEXINGTON, MA 02173 • TEL. (617) 861-6540 
TWX (710) 326-6509 • TELEX 95-1064 


6-136 


PRINTED IN U S A 







POWER SCHOTTKY MODULES 

200A, Up to 50V 


USM20040C 

USM20045C 

USM20050C 

Preliminary 


FEATURES 

• Low Forward Voltage 

• Low Recovered Charge 

• High Reverse Transient Capability 

• High Surge Current 

• High Efficiency for Low Voltage Designs 


DESCRIPTION 

The Unitrode Schottky Module utilizes 
high current Schottky rectifiers, in a 
convenient single package, arranged in a 
common cathode configuration. The 
combination of low thermal resistance and 
high conductance terminals makes this 
device ideally suited for higher current full 
wave center-tap rectification or feed- 
forward applications. 


ABSOLUTE MAXIMUM RATJNGS (per diode unless noted) 

Working Peak Reverse Voltage, Vrwm 

DC Blocking Voltage, Vr 

Peak Repetitive Surge Voltage, Vrsm 

Peak Repetitive Forward Current 
(Rated Vr, Square Wave, 20KHz 

50 Percent Duty Cycle). Ifrm 

Average Rectified Forward Current, lo 

Non-repetitive Peak Surge Current, Ifsm 

Peak Reverse Transient Current, Irm 

Storage Temperature Range, Tstg 

Operating Temperature Range, Tj 

Thermal Resistance, Rbjbp 

Thermal Resistance, R/?jbp 


USM20040C USM20045C USM20050C 

....40V 45V 50V .... 

. ... 40V 45V 50V ... . 

....48V 54V 60V..., 


200A 

200A (@ Tc = 115®C Fullwave Configuration). 

2000A 

2A 

-40®C to + 175‘’C 

-40‘’C to + 175‘’C 

0.28®C/W per module 

0.56'’C/W per leg 


MECHANICAL SPECIFICATIONS 


USM20040C USM20045C USM20050C 







C (ELECTRICALLY COMMON 
TO BASE PLATE) 


Terminal Torque: 50 (Min.) 75(Max.) lb. — in. 
Mounting Base Torque: 30(Min.) 40(Max.) lb. — in. 



INCHES 

MILLIMETERS 


MIN. 

MAX. 

MIN. 

MAX. 

A 


2.63 


66.80 

B 

1.35 

1.40 

34.29 

35.56 

C 

.70 

.80 

17.78 

20.32 

D 


.625 


15.88 

E 

3.14 

3.16 

79.76 

80.26 

F 


3.65 


92.71 

G 

.25 

.27 1 

6.35 

6.86 

H 

V« - 20 UNF With 

Captive Lockwasher 

T 

Tbp Ref. Point - Geometric 
Center of Base Plate 



11/83 
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USM20040C USM20045C USM20050C 


ELECTRICAL CHARACTERISTICS (Tbp = 25°C unless noted) (Per Diode) 


CHARACTERISTICS 

SYMBOL 

CONDITIONS 

LIMIT 

UNITS 

Maximum Instantaneous 

Reverse Current 

iR 

Vr = Vrwm 

Pulsewidth = 400//S 

Duty Cycle = 1% 

(Tbp = 125-0 

USM20045C 

USM20050C 

mA 

30 

(125) 

30 

(150) 

Maximum Instantaneous 
Forward Voltage 

Vf 

If = lOOA 

Pulsewidth =300/iS 

Duty Cycle = 1% 

(Tbp = 125-C) 

(.575) 

V 

Maximum Instantaneous 
Forward Voltage 

Vf 

If = 200A 

Pulsewidth = 300/iS 

Duty Cycle = 1% 

(Tbp = 125-C) 

.800 

(.745) 

V 

Capacitance 

Ct 

Vr = 5V 

6000 

PF 

Voltage Rate of Change 

dv/dt 

Vr = Vrwm 

1000 

y/fjs 

Reverse Energy 

Irm 

See Reverse Energy Circuit 

2 

A 


Typical Forward Current 
vs Forward Voltage 



0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 

Vf - FORWARD VOLTAGE (V) 



100 no 120 130 140 150 

Tbp - BASE PLATE TEMPERATURE («C) 
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Typical Reverse Current 
vs Reverse Voltage 



0 10 20 30 40 50 60 70 80 90 100 


Vr - REVERSE VOLTAGE (% of Vvrm) 


Reverse Energy Circuit 



tp adjust for desired peak current in D.U.T. when Q turns off. 
Qi must have fall time tf of 100ns max. 
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RECTIFIERS 

standard Recovery, 1 Amp to 2 Amp 


UT236-UT347 

UT249-UT363 

UT251-UT364 

UT261-UT268 


FEATURES 

• Continuous Rating: to 2A 

• Controlled Avalanche 

• Surge Rating: to 30A 

• PIV: to lOOOV 

• Miniature Package 


DESCRIPTION 

These miniature power rectifiers offer the 
user extreme reliability for high-rel 
military supplies. 


ABSOLUTE MAXIMUM RATINGS 


Peak Inverse Voltage 

1 Amp 

Series 

1.25 Amp 

Series 

1.5 Amp 

Series 

2 Amp 

Series 

lOOV 

UT236 

UT249 

UT251 

UT261 

200V 

UT234 

UT242 

UT252 

UT262 

400V 

UT235 

UT244 

UT254 

UT264 

500V 

UT237 

UT245 

UT255 

UT265 

600V 

UT238 

UT247 

UT257 

UT267 

800V 

UT361 

UT362 

UT258 

UT268 

lOOOV 

UT347 

UT363 

UT364 

1 



Maximum Average D.C. Output Current 

1 AMP 
SERIES 

1.25 AMP 
SERIES 

1.5 AMP 
SERIES 

2 AMP 
SERIES 

@ Ta ~ 25°C 

1.0A 

1.25A 

1.5A 

2.0A 

@ Ta = 100°C 

0.5A 

0.65A 

0.75A 

l.OA 

Non-Repetitive SInuosoidal 

Surge (8.3ms) 

20A 

20A 

25A 

30A 


Operating Temperature Range .. .. — 195°C to +175°C 

Storage Temperature Range ... . ~195°C to H-175°C 

Thermal Resistance ... See lead temperature derating curve. 


MECHANICAL SPECIFICATIONS 


UT236-UT347 UT249-UT363 UT251-UT364 UT261-UT268 



Part Identification: Orange band indicates "UT.” Part 
number printed on body. 

Polarity: Denoted by orange band. 

Weight: 0.26 grams, typical. 


BODY A 
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UT236-UT347 UT249-UT363 

UT251-UT364 UT261-UT268 

ELECTRICAL SPECIFICATIONS (at 25°C unless noted) 






1 Maximum Leakage 

Type 

PIV 

Maximum Forward 

Curren 

t (S) PIV 



Voltage Drop 

25‘’C 

100°C 

UT261 

lOOV 




UT262 

200V 




UT264 

UT265 

400V 

500V 

IV @ 900mA 

2fi/K 

75fiA 

UT267 

600V 




UT268 

800V 




UT251 

lOOV 




UT252 

200V 




UT254 

UT255 

400V 

500V 

IV @ 750mA 


75M 

UT257 

600V 




UT258 

800V 




UT364 

lOOOV 




UT249 

lOOV 




UT242 

200V 


\ 


UT244 

UT245 

400V 

500V 

IV @ 500mA 

2/xA 

75aA 

UT247 

600V 



! 

UT362 

800V 



1 

UT363 

lOOOV 




UT236 

lOOV 




UT234 

200V 




UT235 

400V 




UT237 

500V 

IV @ 400mA 

2mA 

75M 

UT238 

600V 




UT361 

800V 




UT347 

lOOOV 





Maximum Current Maximum Current 

vs Lead Temperature vs Lead Temperature 
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UT236-UT347 UT249-UT363 UT251-UT364 UT261-UT268 


Maximum Current 
vs Lead Temperature 



Tl — LEAD TEMPERATURE (X) 


-0 

O 

m 

71 


(/I 

o 


Maximum Current 
vs Lead Temperature 



Tl — LEAD TEMPERATURE (X) 


Typical Leakage Current vs. PIV 



150 100 50 0 

% OF PIV 


Typical Forward Current 
vs Forward Voltage 



0 .2 A .6 .8 1 1.2 1.4 

Vp — VOLTAGE (V) 


Typical Forward Current 
vs Forward Voltage 



0 .2 .4 .6 .8 1 1.2 1.4 

Vp — VOLTAGE {V) 


Typical Forward Current 
vs Forward Voltage 



0 .2 .4 .6 .8 1 1.2 1.4 

Vp — VOLTAGE (V) 
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POWER @ T = 175X 






PULSE CURRENT (A) 


UT236-UT347 UT249-UT363 UT251-UT364 UT261-UT268 


Typical Forward Current 



0 .2 .4 .6 .8 1 1.2 1.4 

Vf — VOLTAGE (V) 



1 10 100 1.000 
CYCLES AT 60 Hj HALF SINE WAVE 


Efficiency VS Frequency at Rated Current (Sine Wave) 



IK 2 3 4 6 810K lOOK IM 

FREQUENCY (Hz) -HALF WAVE RESISTIVE LOAD NO FILTER 


Forward Pulse Current vs Pulse Duration 




lOOns Ias 10/tts lOO/iS 1ms 10ms 


PULSE DURATION (SECONDS) 


PULSE DURATION (SECONDS) 
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RECTIFIERS 

Standard Recovery, 2 Amp to 4 Amp 


UT2005UT2060 

UT3005-UT3060 

UT4005-UT4060 


FEATURES 

• Continuous Rating:to4A 

• Controlled Avalanche 

• Surge Rating:to lOOA 

• PIV: to 600 V 

• Miniature Package 


DESCRIPTION 

High average power and surge capability 
make these series of devices attractive 
in many high-rel applications. 

All Unitrode rectifiers have a sleeve of 
pure hard glass fused to the silicon junc- 
tion. Since the silicon sees only this glass, 
electrical characteristics are permanently 
stable. This voidless, monolithic package 
is totally unaffected by the most severe 
moisture or temperature testing. 


ABSOLUTE MAXIMUM RATINGS 


Peak Inverse Voltage 

2 Amp 

Series 

3 Amp 

Series 

4 Amp 

Series 

50V 

UT2005 

UT3005 

UT4005 

lOOV 

UT2010 

UT3010 

UT4010 

200V 

UT2020 

UT3020 

UT4020 

400V 

UT2040 

UT3040 

UT4040 

600V 

1 

UT2060 

UT3060 

UT4060 


Maximum Average D.C. Output Current 
@ T^ = 25°C .. . 

@ T^ =r 100°C 

Non-Repetitive Sinusoidal 

Surge Current (8.3ms) 

Operating Temperature Range 

Storage Temperature Range 

Thermal Resistance 


2 AMP 3 AMP 4 AMP 

SERIES SERIES SERIES 

. 2.0A 3.0A 4.0A 

l.OA 1.5A 2.0A 

. 60A 80A lOOA 

-195°C to +175°C 

-195°C to +200°C 

. . . See lead temperature derating curve 


MECHANICAL SPECIFICATIONS 


UT2005-UT2060 UT3005-UT3060 UT4005-UT4060 



Part Identification: Orange band indicates “UT.” Part 
number printed on body. 

Polarity: Denoted by orange band. 

Weight: 0.75 grams, typical. 


BODY B 


§ 
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UT2005-'JT2060 UT3005-UT3060 UT4005-UT4060 


ELECTRICAL SPECIFICATIONS (at 25°C unless noted) 


Type 

PIV 

Maximum Forward 

Voltage Drop 

Maximum Leakage 

Current @ PIV 

25°C 

lOO'C 

UT4005 

50V 




UT4010 

lOOV 




UT4020 

200V 

1V(S3A 

5fiA 

100/xA 

UT4040 

400V 




UT4060 

600V 




UT3005 

50V 




UT3010 

lOOV 




UT3020 

200V 

IV @ 2A 

5/uA 

IOOaA 

UT3040 

400V 




UT3060 

600V 




UT2005 

50V 




UT2010 

lOOV 




UT2020 

200V 

1V@1A 

5mA 

100/xA 

UT2040 

400V 




UT2060 

600V 





Maximum Current 
vs Lead Temperature 



T, — LEAD TEMPERATURE (“C) 


Maximum Current 
vs Lead Temperature 



T, — LEAD TEMPERATURE (“C) 


T3 

O 

5 

m 

X] 


Maximum Current 



25 50 75 100 125 150 175 

T^ — LEAD TEMPERATURE ('C) 


UNITRODE CORPORATION • 5 FORBES ROAD 
LEXINGTON, MA 02173 • TEL. (617) 861-6540 

TWX (710) 326-6509 • TELEX 95-1064 6-144 


PRINTED IN U.S.A. 








UT2005-UT2060 UT3005-UT3060 UT4005-UT4060 



Allowable Forward Surge vs Number of Cycles 



1 10 100 1.000 
CYCLES AT 60 HALF SINE WAVE 



.1/US 1/iS 10/US 100/US 1ms 10ms 


PULSE DURATION (SECONDS) 



100ns Ims lOus IOOms 1ms 10ms 

PULSE DURATION (SECONDS) 
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RECTIFIERS 

standard Recovery, 7.5 Amp to 12 Amp 


UT5105-UT5160 

UT6105-UT6160 

UT8105-UT8160 


FEATURES 

• Rating: 12A 

• Controlled Avalanche 

• Miniature Package 

• Surge Rating: 200A 


DESCRIPTION 

These series of high current rectifiers 
offers opportunity for size and weight 
reduction in high power supplies. 


ABSOLUTE MAXIMUM RATINGS 


Peak Inverse Voltage 

12 Amp 

Series 

9 Amp 

Series 

7.5 Amp 

Series 

50V 

UT8105 

UT6105 

UT5105 

lOOV 

UT8nO 

UT6110 

UT5110 

200V 

UT8120 

UT6120 

UT5120 

400V 

UT8140 

UT6140 

UT5140 

600V 

UT8160 

UT6160 

UT5160 


Maximum Average D.C. Output Current 


12 AMP 9 AMP 7.5 AMP 

SERIES SERIES SERIES 


@ Tc = 100°C 12.0A 9.0A 7.5A 

Non-Repetitive Sinusoidal 

Surge Current (8.3ms) 200A 175A 150A 

Operating and Storage Temperature Range — 65°C to -l-175°C 

Thermal Resistance, Junction to Case 7.5°C/Watt 

Current Derating See current vs. case temperature curve ... . 


MECHANICAL SPECIFICATIONS 

UT5105-UT5160 UT6105-UT6160 UT8105-UT8160 

.187" MAX. .045" TYP. 

.005 MAX, (4 75mm) (0.11mm) -187" HEX. 



Part Identification: Numerals and polarity letter indicate 
“UT” type number; e.g., 8105R. 

Polarity: Cathode to Stud Is standard. Reverse polarity 
denoted by “R” Suffix. 

Finish: Metal parts gold plated per MIL-G-45204, Type II. 
Max. Weight: 1.5 grams. 

Also available with insulated stud. Reference Design Note-17. 



Installation 

Maximum unlubricated stud torque: 28 inch-ounces. 

Insulating hardware supplied. 

Do not use a screwdriver in the turret slot for installation purposes, or damage may result. 


6-147 


UNITRODE 






FORWARD CURRENT (mA) ^ FORWARD CURRENT (m A) 


UT8105 

50V 

UT8110 

lOOV 

UT8120 

200V 

UT8140 

400V 

UT8160 

600V 

UT6105 

50V 

UT6110 

lOOV 

UT6120 

200V 

UT6140 

400V 

UT6160 

600V 

UT5105 

50V 

UT5110 

lOOV 

UT5120 

200V 

UT5140 1 

400V 

UT5160 

600V 


1V@8A 


1V@5A 


Typical Forward Voltage 
vs Forward Current 


12 Amp I 


■ 


■ 


■ 


■ 


H 


Typical Forward Voltage 
vs Forward Current 


RPORATION • 5 FORBES ROAD 
A, 021, 73 • TEl, (617) 861-6540 
509 ‘ TELEX 95-1064 . . 



UT5105-UT5160 UT6105-UT6160 UT8105-UT8160 



0 100 200 
Temperature 'C 


Forward Pulse Current vs. Pulse Duration 



Pulse Duration (Seconds) 


Reverse Pulse Power vs. Pulse Duration 



Pulse Duration (Seconds) 
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RECTIFIERS 

Fast Recovery, 0.5 Amp to 2 Amp 


UTR10-UTR60 

UTR01-UTR61 

UTR02-UTR62 


FEATURES 

• Continuous Rating; to 2 A 

• Controlled Avalanche 

• Surge Rating: to 25 A 

• Fast Recovery 40l<Hz Operation 

• PIV: to 600V 

• Miniature Package 


DESCRIPTION 

These miniature fast recovery rectifiers 
permit operation at full frequencies as 
high as ^JkHz square wave. They have 
the unique Unitrode Fused in Glass con- 
struction . 


ABSOLUTE MAXIMUM RATINGS 


Peak inverse Voltage 

V 2 Amp 

Series 

1 Amp 

Series 

2 Amp 

Series 

50V 


UTROl 

UTR02 

lOOV 

UTRIO 

UTRll 

UTR12 

200V 

UTR20 

UTR21 

UTR22 

300V 

UTR30 

UTR31 

UTR32 

400V 

UTR40 

UTR41 

UTR42 

500V 

UTR50 

UTR51 

UTR52 

600V 

UTR60 

UTR61 

UTR62 


Maximum Average D.C. Output Current 


@ T^ = 25°C .... 
@ T^ = lOO-’C . 


Non-Repetitive Sinusoidal 

Surge Current (8.3ms) .. 

Operating Temperature Range 

Storage Temperature Range 

Thermal Resistance 


1/2 AMP 

1 AMP 

2 AMP 

SERIES 

SERIES 

SERIES 

. 0.5A 

1.0A 

2.0A 

. 0.25A 

0.5A 

l.OA 

... 15A 

20A 

25A 


-195°C to +175°C 

-195°C to -f-200°C 

.. See lead temperature derating curves 


MECHANICAL SPECIFICATIONS 


UTR10-UTR60 UTR01-UTR61 UTR02-UTR62 


L155"TYP.| 028'' 001 

1 Band indicates ■ 3.9mm 1 0.71mm :t.03 

i cathode end'X i ^ v — ( 1 — ■ 

. — ^ 


1 ,085" MAX. 
1 2.16mm 

T ! ..35- — -- 

, ' k-TYP 

' 1 1 2 . 2 mm 1 

u .700" MIN ,1, 250" MAX • J 

17.8mm "i 6 35mm ^ 

i. 1.625" MIN 

r 41.3mm 

i 


Part Identification: Green band indicates “UTR.” Part 
number printed on body. 

Polarity: Denoted by Green band. 

Weight: 0.26 grams, typical. 
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UTR10-UTR60 UTR01-UTR61 UTR02-UTR62 


ELECTRICAL SPECIFICATIONS (at 25°C unless noted) 





Maximum 



Maximum 



Maximum 

Leakage 


Maximum 

Junction 



Forward 

Current 


Reverse 

Capacitance 



Voltage 

@ PIV 


Recovery 

@ 25“C 

Type 

PIV 

Drop 

25'’C 

Too^ 

Time* 

OV 

— lOV 

UTR02 

50V 





250ns 

150pf 

60pf 

UTR12 

lOOV 





250ns 

lOOpf 

40 pf 

UTR22 

200V 





250ns 

80pf 

32pf 

UTR32 

300V 

I.IV @ 1000mA 

3mA 


100/tA 

300ns 

70pf 

28pf 

UTR42 

400V 





350ns 

60pf 

24pf 

UTR52 

500V 





400ns 

50pf 

20pf 

UTR62 

600V 





400ns 

40pf 

16pf 

UTROl 

50V 





250ns 

150pf 

60pf 

UTRll 

lOOV 





250ns 

lOOpf 

40pf 

UTR21 

200V 





250ns 

80pf 

32pf 

UTR31 

300V 1 

I.IV @ 500mA 

3/iA 


100/iA 

300ns 

70pf 

28pf 

UTR41 

400V 





350ns 

60pf 

24pf 

UTR51 

500V 





400ns 

50pf 

20pf 

UTR61 

600V , 





400ns 

40pf 

16pf 

UTRIO 

lOOV 





250ns 

lOOpf 

40pf 

UTR20 

200V 





250ns 

80pf 

32pf 

UTR30 

UTR40 

300V 

400V 

I.IV @ 200mA 



lOO^A 

300ns 

350ns 

70pf 

60pf 

28pf 

24pf 

UTR50 

500V 





400ns 

50pf 

20pf 

UTR60 

600V 





400ns 

40pf 

16pf 


*Recovery time Is measured from 10.0mA to 10.0mA recovery to 5.0mA 


Maximum Current 
vs Lead Temperature 



Maximum Current 


Maximum Current 



Reverse-Recovery Circuit 
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POWER (W) @ Tj 









PULSE CURRENT (A) EFFICIENCY (% OF OUTPUT) 

@1000 Hz D.C. AVERAGE VOLTS 


UTR10-UTR60 


UTR01-UTR61 UTR02-UTR62 


Efficiency vs Frequency at Rated Current (Sine Wave) 

100 
90 
80 
70 
60 
50 
40 
30 
20 
10 
0 

IK 2 3 4 6 810K lOOK IM 

FREQUENCY (Hz) -HALF WAVE RESISTIVE LOAD NO FILTER 
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Allowable Forward Surge vs Number of Cycles 



1 10 100 1,000 

HALF CYCLES OF 60 H^ SINE WAVE 





.lus 1//S 10a<s 100/xs 1ms 10ms 

PULSE DURATION (SECONDS) 


100ns 1/us 10/(S 100>us 1ms 10ms 

PULSE DURATION (SECONDS) 
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RECTIFIERS 

Fast Recovery, 2 Amp to 4 Amp 


UTR2305-UTR2360 

UTR3305-UTR3360 

UTR4305-UTR4360 


FEATURES 

• Continuous Rating: to 4A 

• Controlled Avalanche 

• Surge Rating: to lOOA 

• PIV: to 600V 

• Miniature Package 


DESCRIPTION 

Small size and high surge capability 
make this series of power switching 
rectifiers desirable for power supplies 
where size, weight and reliability are 
important. 


ABSOLUTE MAXIMUM RATINGS 


Peak Inverse Voltage 

2 Amp 

Series 

3 Amp 

Series 

4 Amp 

Series 

50V 

UTR2305 

UTR3305 

UTR4305 

lOOV 

UTR2310 

UTR3310 

UTR4310 

200V 

UTR2320 

UTR3320 

UTR4320 

400V 

UTR2340 

UTR3340 

UTR4340 

500V 

UTR2350 

UTR3350 

UTR4350 

600V 

UTR2360 

UTR3360 

UTR4360 


2 AMP 
SERIES 


3 AMP 
SERIES 


Maximum Average D.C. Output Current 

@ Ta = 25°C 2.0A 3.0A 

@ = 100°C 1.0A 1.5A 

Non-Repetitive Sinusoidal 

Surge Current (8.3m,s) 60A 80A 

Operating Temperature Range — 195°C to +175°C 

Storage Temperature Range — 195°C to +200°C 

Thermal Resistance See lead temperature derating curve.. 


4 AMP 
SERIES 

... 4.0 A 
... 2.0A 

.. lOOA 


MECHANICAL SPECIFICATIONS 


UTR4305-UTR4360 UTR3305-UTR3360 UTR2305-UTR2360 



Part Identification: Green band indicates “UTR.” Part 
number printed on body. 

Polarity: Denoted by Green band. 

Weight: 0.75 grams, typical. 
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UTR2305-UTR2360 UTR3305-UTR3360 UTR4305-UTR4360 


ELECTRICAL SPECIFICATIONS (at 25°C unless noted) 


Type 

PIV 

Maximum 

Forward 

Voltage 

Drop 

Maximum 

Leakage 

Current 
@ PIV 

Maximum 

Reverse 

Recovery 

Time* 

Maximum 

Junction 

Capacitance 
@ 25°C 

25°C 

100°C 

OV 

-lOV 

UTR4305 

50V 




250ns 

600pf 

240pf 

UTR4310 

lOOV 




250ns 

400pf 

160pf 

UTR4320 

200V 




250ns 

320pf 

128pf 

UTR4340 

400V 

I.IV @ 4A 

5fiA 

lOO^iA 

400ns 

240pf 

96pf 

UTR4350 

500V 




400ns 

200pf 

80pf 

UTR4360 

600V 




400ns 

160pf 

64pf 

UTR3305 

50V 




250ns 

600pf 

240pf 

UTR3310 

lOOV 




250ns 

400pf 

160pf 

UTR3320 

200V 




250ns 

320pf 

128pf 

UTR3340 

400V 

I.IV @ 3A 

5fiA 

100/uA 

300ns 

240pf 

96pf 

UTR3350 

500V 




350ns 

200pf 

80pf 

UTR3360 

600V 




400ns 

160pf 

64pf 

UTR2305 

50V 




250ns 

600pf 

240pf 

UTR2310 

lOOV 




250ns 

400pf 

160pf 

UTR2320 

200V 




250ns 

320pf 

128pf 

UTR2340 

400V 

I.IV @ 2A 

5/uA 

100/iA 

300ns 

240pf 

96pf 

UTR2350 

500V 




350ns 

200pf 

80pf 

UTR2360 

600V 




400ns 

160pf 

64pf 


*Recovery time is measured from lA to lA recovering to 0.5A. 


Maximum Current Maximum Current Maximum Current 

vs Lead Temperature vs Lead Temperature vs Lead Temperature 



25 50 75 100 125 150 175 

T, — LEAD TEMPERATURE (X) 


Reverse Recovery Circuit 
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PULSE CURRENT (A) EFFICIENCY (% OF OUTPUT) 

^ @1000 Hz D.C. AVERAGE VOLTS 


UTR2305-UTR2360 UTR3305-UTR3360 UTR4305 -UTR4360 


Efficiency vs Frequency at Rated Current (Sine Wave) 

100 
90 
80 
70 
60 
50 
40 
30 
20 
10 
0 

IK 2 3 4 6 810K lOOK IM 

FREQUENCY (Hz) -HALF WAVE RESISTIVE LOAD NO FILTER 






.IjLLS ljj.s lOjus lOO/iS Ims lOms 


lOOns 1/iiS 10/«s lOO/iS 1ms 10ms 


PULSE DURATION (SECONDS) 


PULSE DURATION (SECONDS) 
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RECTIFIERS 

Fast Recovery, 6 Amp to 9 Amp 


UTR4405-UTR4440 

UTR5405-UTR5440 

UTR6405-UTR6440 


FEATURES 

• Continuous Rating-, to 9A 

• Controlled Avalanche 

• Surge Rating; tolSOA 

• Fast Recovery, 40kHz Operation 

• PIVJto400V 

• Miniature Package 


DESCRIPTION 

The same basic construction as all 
Unitrode diodes, but using a miniature 
stud mounting and larger junction area, 
provides a 9 Amp continuous and 150 
Amp surge rating in a package only one 
fifth the weight and one quarter the 
volume of conventional types. 


ABSOLUTE MAXIMUM RATINGS 


Peak Inverse Voltage 

6 Amp 

Series 

7.5 Amp 

Series 

9 Amp 

Series 

50V 

UTR4405 

UTR5405 

UTR6405 

lOOV 

UTR4410 

UTR5410 

UTR6410 

200V 

UTR4420 

UTR5420 i 

UTR6420 

400V 

UTR4440 

UTR5440 

UTR6440 


6 AMP 7.5 AMP 9.0 AMP 

Maximum Average D.C. Output Current series series series 

@ Tc = 100°C 6.0A 7.5A 9.0A 

Non-Repetitive Sinusoidal 

Surge Current (8.3ms) 120A 135A 150A 

Operating Temperature Range — 195°C to +175°C 

Storage Temperature Range — 195°C to -f 200°C 

Thermal Resistance 7.5°C/W 


MECHANICAL SPECIFICATIONS 

I UTR6405-UTR6440 UTR5405-UTR5440 UTR4405-UTR4440 


.187" MAX. .045" TYP. 

(4.75mm) (0.11mm) -187" HEX. 



Part Identification: Numerals and polarity letter indicate 
UTR type number, e.g., UTR 4405. 

Polarity: Cathode to Stud is standard. Reverse polarity 
denoted by "R” suffix. 

Finish: Metal parts gold plated per MIL-G-45204, Type II. 
Weight: 1.5 grams, typical. 

Also available with insulated stud. Reference Design Note-17. 


Installation 

Maximum unlubricated stud torque: 28 inch-ounces. 

Insulating hardware supplied. 

Do not use a screwdriver in the turret slot for installation purposes, or damage may result. 
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Type 

PIV 

Drop 

25°C 

100 “C 

UTR6405 

50V 




UTR6410 

UTR6420 

lOOV 

200V 

l.iv @ 6.0A 

lO/zA 

300/zA 

UTR6440 

400V 




UTR5405 

50V 




UTR5410 

UTR5420 

lOOV 

200V 

I.IV @ 5.0A 

10/tA 

300mA 

UTR5440 

400V 




UTR4405 

50V 




UTR4410 

UTR4420 

lOOV 

200V 

I.IV @ 4.0A 

lOfifii 

300//A 

UTR4440 

400V 







very time is measured from lA to lA, recovering to 0.5A. 


Typical Forward Voltage 
vs Forward Current 


Typical Forward Voltage 
vs Forward Current 


30,000 

1 r I T' 

20,000 

9 AMP SERIES 

10,000 



< 

E 

2 000 


+175°C 

+100X 

h- 

z 


V 

a 

z> 


h 

^ 500 

200 


1 

100 



50 


-lU 

30 


±Ll 



.2 .4 .6 .8 1 1.2 1.4 

Ip — VOLTAGE (V) 

Typical Forward Voltage 
vs Forward Current 



< 2,000 

E 



) .2 .4 .6 .8 1 1.2 1.4 

Ip — VOLTAGE (V) 

Typical Reverse Current vs PIV 


\ ALL SERIES j 






— 

— 





— 

— 


— 

17 





— 

— 


— 

x: 


— 

III 

III 

IB 

— 

III 

ail 







RATING 


UTR4405-UTR4440 UTR5405-UTR5440 UTR6405-UTR6440 


Reverse Recovery Circuit 



>o 


Efficiency vs Frequency at Rated Current (Sine Wave) 



IK 2 3 4 6 810K lOOK IM 

FREQUENCY (Hz) -HALF WAVE RESISTIVE LOAD NO FILTER 



40 60 80 100 120 140 160 180 200 

TEMPERATURE ("C) 



•l^s IjLis 10/iS IOOms 1ms 10ms 


PULSE DURATION (SECONDS) 


QC 

LU 

$ 

o 

0. 

LU 

(0 

-J 

D 

Q. 



lOOns 1/zs 10)«s 100ms 1ms 10ms 


PULSE DURATION (SECONDS) 
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RECTIFIERS 

Ultra-Fast Recovery, 1 Amp and 2 Amp 


UTX105-UTX125 

UTX205-UTX225 


DESCRIPTION 

These miniature ultra-fast recovery 
rectifiers permit operation at full power at 
frequencies as high as lOOkHz square 
wave. They may be used as half wave 
rectifiers or as legs of a bridge. 


ABSOLUTE MAXIMUM RATINGS 


FEATURES 

• Continuous Rating: to 2A 

• Controlled Avalanche 

• Surge: to 25A 

• Recovery Time less than 75ns 

• Miniature Package 


Peak Inverse Voltage 

1 Amp 

Series 

2 Amp 

Series 

50V 

UTX105 

UTX205 

lOOV 

UTXllO 

UTX210 

150V 

UTX115 

UTX215 

200V 

UTX 120 

UTX220 

250V 

UTX 125 

UTX225 


Maximum Average D.C. Output Current 

@ = 25°C 

@ T^ = 100°C 
Non-Repetitive Sinusoidal 

Surge Current (8.3ms) 

Operating Temperature Range 

Storage Temperature Range 

Thermal Resistance 


1 AMP 2 AMP 

SERIES SERIES 

... l.OA 2.0A 

.. .. 0.5A l.OA 

.. .. 20A 25A 


— 195°C to +175°C 

— 195°C to +200°C . 

See Lead Temperature Derating Curve 


MECHANICAL SPECIFICATIONS 


UTX105-UTX125 UTX205-UTX225 



Part Identification: Green band indicates “UTX.” Part 
number printed on body. 

Polarity: Denoted by green band. 

Weight: 0.26 grams, typical. 


BODY A 




6-161 


UNITROOE 





UTX105-UTX125 UTX205-UTX225 


ELECTRICAL SPECIFICATIONS (at 25°C unless noted) 



PIV 

Maximum 

Voltage 

Leakage Current 
@ PIV 

Max. Reverse 
Recovery 



Forward Drop 

25“C 

100 °c 

Time* 

UTX 205 

50V 





UTX 210 

lOOV 





UTX 215 

150V 

l.OV @ 1 Adc 

3/^A 

50AiA 

75ns 

UTX 220 

200V 





UTX 225 

250V 





UTX 105 

50V 





UTX 110 

lOOV 





UTX 115 

150V 

l.OV @ 0.5 Adc 

3^A 

50^l/K 

75ns 

UTX 120 

200V 





UTX 125 

250V 






*Recovery time Is measured from 10.0mA to 10.0mA recovery to 5.0mA. 


Maximum Current Maximum Current 

vs Lead Temperature vs Lead Temperature 



FREQUENCY (H.) -HALF WAVE RESISTIVE LOAD NO FILTER 
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PULSE CURRENT (A) REVERSE CURRENT (M) 


UTX105-UTX125 UTX205-UTX225 



150 100 50 0 

% OF PIV 


Typical Forward Current 
vs Forward Voltage 



0 .2 .4 .6 .8 1 1.2 1.4 

Vp — VOLTAGE (V) 


Typical Forward Current 
vs Forward Voltage 



0 .2 .4 .6 .8 1 1.2 1.4 

Vp — VOLTAGE (V) 



Ims 1/uS 10/iS IOOms 1ms 10ms 

PULSE DURATION (SECONDS) 


$ 

q: 

UJ 

$ 

O 

0. 

UJ 

</) 

D 

a. 



100ns 1/us 10/(S 100m S 1ms 10ms 

PULSE DURATION (SECONDS) 


o 

z 


UJ 

o 

(T 

D 

(/) 

O 

UJ 


Allowable Forward Surge vs Number of Cycles 



1 10 100 1,000 
HALF CYCLES OF 60 SINE WAVE 
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UTX3105-UTX3120 

UTX4105-UTX4120 


RECTIFIERS 

Ultra-Fast Recovery, 3 Amp and 4 Amp 


DESCRIPTION 

These miniature ultra-fast recovery recti- 
fiers permit operation at full power at 
frequencies as high as lOOkHz square 
wave. They have the same unique 
Unitrode construction as the familiar 
2 amp UTX series, but are scaled up in 
size to provide higher continuous and 
surge current capability. 


ABSOLUTE MAXIMUM RATINGS 


Peak Inverse Voltage 

3 Amp 

Series 

4 Amp 

Series 

50V 

UTX 3105 

UTX 4105 

lOOV 

UTX 3110 

UTX 4110 

150V 

UTX 3115 

UTX 4115 

200V 

UTX 3120 

UTX 4120 


3 AMP 4 AMP 

Maximum Average D.C. Output Current series series 

@ T^ = 25“C 3.0A 4.0A 

@Ta = 100°C 1.5A 2.0A 

Non-Repetitive Sinusoidal 

Surge Current (8.3ms) 60A 80A 

Operating Temperature Range — 195"C to +175°C 

Storage Temperature Range — IQS^C to -f 200°C 

Thermal Resistance See Lead Temperature Derating Curve 


FEATURES 

• Continuous Rating: to 4A 

• Controlled Avalanche 

• Surge: to 80A 

• Recovery Time less than 100ns 

• Miniature Package 


MECHANICAL SPECIFICATIONS 








UTX 3105-UTX 3120 UTX 4105-UTX 4120 


ELECTRICAL SPECIFICATIONS (at 25°C unless noted) 


Type 

PIV 

Maximum 

Forward 

Maximum Leakage 

Current @ PIV 

Maximum 

Reverse 

Recovery 

Voltage Drop* 

25X 

lOOX 

Time** 

UTX 4105 

50V 





UTX 4110 

lOOV 





UTX 4115 

150V 

IV @ 3 Adc 

5/iA 

75fiA 

lOOns 

UTX 4120 

200V 





UTX 3105 

50V 





UTX 3110 

lOOV 





UTX 3115 

150V 

IV (S 2 Adc 

5/iA 

75/zA 

100ns 

UTX 3120 

200V 






*Forward voltage is measured at least 1 second after application of current. 
**Recovery time is measured from lA to lA recovering to 0.5A. 


6 


Maximum Current Maximum Current 

vs Lead Temperature vs Lead Temperature 



25 50 75 100 125 150 175 

T, — LEAD TEMPERATURE (X) 


Reverse Recovery Circuit 
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REVERSE CURRENT (M) 


UTX 3105-UTX 3120 UTX 4105-UTX 4120 

Typical Leakage Current vs PIV Typical Forward Current Typical Forward Current 



Vp — VOLTAGE (V) Vp — VOLTAGE (V) 


Forward Pulse Current vs Pulse Duration Reverse Pulse Power vs Pulse Duration 



• l/'S 1/^s 10/ys IOOms 1ms 10ms 100ns 1/iS lO/ts IOOmS 1ms 10ms 

PULSE DURATION (SECONDS) PULSE DURATION (SECONDS) 



Allowable Forward Surge vs Number of Cycles 

100 

80 

60 

40 

20 

0 

1 10 100 1,000 
CYCLES AT 60 HALF SINE WAVE 
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HIGH VOLTAGE RECTIFIERS, RECTIFIER 
MODULES & MULTIPLIERS 


7 






HIGH VOLTAGE RECTIFIERS 
& RECTIFIER MODULES 


PRODUCT SELECTION GUIDE 



STANDARD RECOVERY 


Inverse 

yefitige 

AVERAGE D.C. OUTPUT CURRENT 

.026- ' 
.050A 

,050- 

.lOOA 

.100- 

,260A 

.250- 

.50A 

,50- 

.75A 

,75- 

lA 

1- 

1,5A 

1.5- 

2A 

2- 

2.6A 

2,5- 

5A 

5- 

6A 

6- 

7A 

LOkV 



HVEIO 

SJ 

HSIO 

1N3643 

SJ 



SXSIO 

SL 







L2kV 







(US12) 

SA 






/ i.m ■ 



HS15 

SK 

HVE15 

SJ 

1N3644 

SJ 



SXS15 

SL 

(US15) 

SA 




KXS15 

SM 



l,8kV 





(US18) 

SA 








2.0kV 



HS20 

SK 

HVE20 

SJ 

1N3645 

SJ 


(US20) 

SA 

SXS20 

SL 




KXS20 

SM 



2.SkV 



HS25 

SK 

HVE25 

SJ 

1N3646 

SJ 


(US25) 

SB 

SXS25 

SL 

(USB2.5) 

DH 


HVHS 

2500 

PC 

KXS25 

SM 

(UDB2.5) 

DD 

(UDE2.5) 

DD 

(UGE2.5) 

DG 

smv 



HS30 

HVOO 

SJ 

1N3647 

SJ 


SXS30 

SL 

(US30) 

SB 




KXS30 

SM 








(US35) 

SC 









4.0kV ^ 


HS40 

HVE40 

SJ 

1N5181 

SJ 


(US40) 

SC 

SXS40 

SL 




KXS40 

SM 




, 4.5kV 




(US45A) 

SD 










Parentheses ( ) designates product using fused-in-glass single chip rectifiers; all others use stacked chips. 
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HIGH VOLTAGE RECTIFIERS 
& RECTIFIER MODULES 




Voltage 

' • . /WERAGEO.C OUTPUT CURRENT ■ v \ 

.lOOA 

' ,100^ ' - 
.250A : 

')2m - ' 

fJ5A 



. : J5-; 

:;\IA 


J 1.5-';'' 

2k ' 


■i2-5-V 

. 3A-,'. 

> . 3-' 

4A - ' 

4- 

'SA ^ ■ 

' 5- ^ ' 

, S.OkV 

HS50 

SK 

HVE50 

SJ 

1N5182 

SJ 


HVH 

5000 

PB 

HVHF 

5000 

PB 

(US50A) 

SD 

SXS50 

SL 

(USB5) 

DH 

(USS5) 

DH 



(UDA5) 

DD 

(UDB5) 

DD 

(1N5600)* 

DE 

KXS50 

SM 

HVHS 

5000 

PC 



(UDE5) 

DG 

(UGB5) 

DD 

(UGE5) 

DG 

(1N5603)* 

DF 




SXS60 

SL 

(US60A) 

SD 



KXS60 

SM 







7.0kV 



(US70A) 

SD 










7,SkV 

HS75 

SK 

HVF75 

SJ 

1N5183 

SJ 


HVH 

7500 

PB 

HVHF 

7500 

PB 

(USS7.5) 

DH 

(USB7.5) 

DH 


(UDA7.5) 

DD 

(UDB7.5) 

DD 


HVHS 

7500 

PC 

(UGB7.5) 

DG 

(UGE7.5) 

DG 



8.0kV 


(US80A) 

SE 

SXS80 

SL 



KXS80 

SM 







lOkV 

" -i'; ' 

HSIOO 

HVEIOO 

SJ 

1N5184 

SJ 

1 

(USIOOA) 

SE 

HVH 

10000 

PB 

1 HVHF 
10000 

PB 

SXSIOO 

SL 

(USBIO) 

DH 

(USSIO) 

DH 

(688-10) 

BE 

(UDAIO) 
DD * 
(1N5597) 

DE 

KXSIOO 

SM 


HVHS 

10000 

PC 

(UGBIO) 

DG 





""im: ' 


(US120A) 

SE 

(688-12) 

BE 










■■W'skV 



HVH 

12500 

PB 

HVHF 

12500 

PB 





HVHS 

12500 

PC 
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STANDARD RECOVERY 


Peak 

Inverse 

Voltage 

AVERAGE-D.a OUTPUT CURRENT 

.025- 

.05QA 

-lODA 

.100- 

.250A 

,250^ 

,50A 

.50«" 

.75A 

'2^,' 

2,S^, 


HVHJ 

15K 

PA 


(US150A) 

SF 

(USS15) 

DH 

HVH 

15000 

PB 

HVHF 

15000 

PB 

(688-15) 

BE 

(UDA15) 

DD 

HVHS 

15000 

PC 

17. m 






HVHS 

17500 

PC 




(US180A) 

SF 

(688-18) 

BE 



20kV 

HVHJ 

20K 

PA 


(US200A) 

SF 

HVH 

20000 

PB 

HVHF 

20000 

PB 

(688-20) 

BE 


HVHS 

20000 

PC 

22.5kV 

HVHJ 
22. 5K 

PA 






' 25kV. 

HVHJ 

25K 

PA 


(688-25) 

BE 

HVH 

25000 

PB 

HVHF 

25000 

PB 



' 30kV - 

HVHJ 

30K 

PA 






35kV 

HVHJ 

35K 

PA 






37.5kV 

HVHJ 
37. 5K 

PA 






4pkV 

HVHJ 

40K 

PA 






"4'SkV 

HVHJ 

45K 

PA 






\ SOkV-' 







mw- 








Parentheses ( ) designates product using fused-in-glass 
single chip rectifiers; all others use stacked chips. 
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HIGH VOLTAGE RECTIFIERS 
& RECTIFIER MODULES 


SA-SN PA- PC 

FAST RECOVERY 


Peak 

Inverse 

Voltage 

3 AVERAGE D.a OUTPUT CURRENT ' \ : 

.osbl'f.' 

'.lOOA 

i '.ioo3 r 
.250A 

,\50A' y 

^ .75A , 

"" ,75- 
1.5A 

2A 

- ■ 2- 
2.5A 

2,5- 

4A 

4- 

6A 

. l.OkV 


HAIO* 

SK 

HVXIO* 

SJ 



SXIO* 

SL 










(USR12) 

SA 





l.SkV 


HA15* 

SK 

HVX15 

SJ 

, 


(USR15) 

SA 

SX15* 

SL 



KX15* 

SM 


LSkV 


— 


(USR18) 

SA 






2.0kV 


HA20* 

SK 

HVX20* 

SJ 


(USR20) 

SB 

SX20* 

SL 



KX20* 

SM 


2.5kV 


HA25* 

HW25- 

SJ 

HVF 
2500 1 

PB 

(USR25) 

SB 


SX25* 

SL 

(UFB2.5) 

DH 


HVFS 

2500t 

PC 

(UDD2.5) 

DD 

KX25* 

SM 

(UDF2.5) 

DD 

(UGF2.5) 

DG 

3.0kV 


HA30* 

SK 

HVX30* 

SJ 

(USR30) 

SC 

SX30* 

SL 



KX30* 

SM 



3,5kV 



(USR35) 

SC 







" 4.0kV. ’ 

HA40* 

SK 

: HVX40* 

SJ 


(USR40A) 

SD 

SX40* 

SL 



KX40* 

SM 



4.kv ' 

1 

(USR45A) 

SD 








' Reverse 
Recovery . 
Time , 
(Max.) ' 

1 . 

300ns 

250ns* 

600ns 

250iis* 

500ns 

260nst 

500ns 

250ns* 

500ns 

250n$* 

500ns 

'250ns 

SDOns 

250ns* 

ISOnsf 

250ns* 

warn 


Parentheses ( ) designates product using fused-in-glass single chip rectifiers; all others use stacked chips. 
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PRODUCT SELECTION GUIDE 



FAST RECOVERY 


Peak 

Inverse 

Voltage 

AVERAGE D.C. OUTPUT CURRENT ’ ■ - V 

.050- 

,100A 

.100- 

,250A 

.250- 

.BOA 

,B0- 

.75A 

.75- 

; ■ Ik > 

1.5A 

■ ' ‘ 1.5- ' 

2A 

2- 

■ 2.5A •■■■■ 

2.5- 

■' M ■ 

5.0kV 

HA50 

SK 

MVX50 

SJ 

(USR50A) 

SD 

HVF 

BOOOt 

PB 

(UFS5) 

DH 

SX50* 

SL 

(UFB5) 

DH 


(UDC5) 

DD 

(UDD5) 

DD 


HVFS 

BOOOt 

PC 

KX50* 

SM 

(UDF5) 

DD 

(UGD5) 

DG 

(UGF5) 

DG 

e.OkV 


(USR60A) 

SD 

SX60* 

SL 



KX60* 

SM 




7.0kV 


(USR70A) 

SE 








?.5kV 

HA75 

SK 

HVX75 

SJ 


HVF 

7500t 

PB 

(UFB7.5) 

DH 

(UFS7.5) 

DH 


(UDC7.5) 

DD 

(UDD7.5) 

DD 



HVFS 

7500t 

PC 

(UGD7.5) 

DG 

(UGF7.5) 

DG 


B.0W 


(USR80A) 

SE 

SX80* 

SL 

1 


KX80* 

SM 




lOkV 

HA 100 

SK 

HVXlOO 

SJ 

(USRIOOA) 

SE 

HVF 

lOOOOt 

PB 

SXlOO* 

SL 

(UFSIO) 

DH 

! (UDCIO) 

DD 

(688-lOR) 

BE 


KXlOO* 

SM 

(UGDIO) 

DG 

HVFS 

lOOOOt 

PC 


12kV 


(USR120A) 

SF 

(688- 1 2 R) 

BE 



j 




12.5kV- 



HVF 

12500t 

PB 






HVFS 

12500t 

PC 

Reverse 
Recovery 
lima:. - 


BOOns 

BOOils 
. 2B0rie^., 

■" 'B'OOni.- 

BOOns 

250ns* 

BOOns 

250ns* 

500n$ 

250ns* 

BOOns 

''250ns* 

IBOnst 

SdOns 


Parentheses ( ) designates product using fused-m-glass single chip rectifiers,- all others use stacked chips. 
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PRODUCT SELECTION GUIDE 


HIGH VOLTAGE RECTIFIERS 
& RECTIFIER MODULES 


FAST RECOVERY 







■ ■ • , AVERAGE O.C. OOTPUT CURRENT '• 













- : 

Vb!«® 

.:'0as-' y'\'' 

' y 



2- 

< .IDOA: 


>v 1,5A ^ ^ 

2A - 

2.5A 


HVJX 

(USR150A) 

HVF 



HVFS 


15K 

SF 

isooot 



15000 


PA 


PB 

(UDC15) 



PC 



DD 







(688- 15R) 






BE 




■ n.skvy; • 






HVFS 

17500 







PC 

/ mv 


(USR180A) 

(688-18R) 






SF 

BE 




- 20kV' 

HVJX 

(688-20R) 

HVF 



HVFS 


20K 

BE 

20000t 



20000 


PA 


PB 



PC 

22,SW 

HVJX 

22. 5K 







PA 






2my 

HVJX 

(688-25R) 

HVF 





25K 

BE 

25000t 





1 PA 


PB 




aokv 

HVJX 







30K 







1 PA 






, . askv 

HVJX 








35K 







PA 



I 




HVJX 



i 



; y ^ l'/; . 

37. 5K 



1 




PA 



1 

j 




HVJX 







40K 






' 

PA 






■ 

HVJX 






; 'V , ^ \ 

45K 







PA 








— 





, 

‘.,^2'; '1 







-yy^yfiy^rsayy ry 

- y' 






. , 'RieC^ry' ; 


500I1S 


' 250ns, 

250ns - 

150ns 

'Time ' ' 

; . mm,-: 



' yy iSOnst _yV 

':yy;r^'"''' 




Parentheses ( ) designates product using fused-in-glass single chip rectifiers; all others use stacked chips. 
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CUSTOMER SPECIFICATION SHEET FOR SPECIAL RECTIFIER ASSEMBLIES 


Date 

Company Name Phone 

Address City State 

Engineer Ext. Buyer Ext. 

New Application, Existing Application, Presently Using 

Quantities to Quote 


ELECTRICAL REQUIREMENTS 


Rectifier Application: 

1. Circuit: Half Wave 

Center Tap 

Doubler 

Bridge 

2. 

AC Input: Volts 

CPS 

Phase 

Wave Shape 

3. 

DC Output; Volts 


Amps At 

°C 

4. 

Max. Transient Voltage: 



Volts 

5. 

Max. Fault Current: 

Amps For 


Sec. 


6. Type of Load 

Modulator Application: 

1. Use 


2. Peak Voltage ' V 

3. Wave Shape ^ 

4. Rise or Switching Time Sec. 

5. Peak Pulse Current . Amps At °C 

6. Pulse Duration ' Sec. 

7. Average Current Amps 

8. PRF PPS 



ENVIRONMENTAL REQUIREMENTS 

Qperating Medium 

Operating Temperature Range 

Storage Temperature Range 

Other Requirements 


MECHANICAL REQUIREMENTS 

Maximum Size 

Maximum Weight 

Terminal Provisions 

Mounting Provisions 
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RECTIFIER ASSEMBLIES 

High Voltage Stacks, lAmp to 5 Amp, 
Military Approved 


JAN 1N5597 
JAN 1N5600 
JAN 1N5603 


FEATURES 

• Qualified to MIL-S-19500/404A 

• PIV: to lOkV 

• Surge Ratings: to 200A 

• Current Ratings: to 5A 

• Only Fused-in-Glass Diodes Used 

• Controlled Avalanche Characteristics 

• Modular Package For Easy Stacking 


DESCRIPTION 

This series of military high-voltage high- 
current stacks offers the utmost in 
reliability as required in military system 
designs. The rectifiers are assembled with 
diodes which have been subjected to TX 
type screening tests. 


ABSOLUTE MAXIMUM RATINGS 

Peak Inverse Voltage 

Maximum Average D.C. Output Current 

@ Tc = 75°C 

Non-Repetitive Sinusoidal Surge (8.3ms) 

(g Tc = 75°C 

Operating and Storage Temperature Range 


JAN 1N5597 JAN 1N5600 JAN 1N5603 

... lOkV 5kV 5kV 

lA 2A 5A 

30A 80A 200A 

-65°C to +150°C 


MECHANICAL SPECIFICATIONS 



JAN 1 N5597 JAN 1 N5600 JAN 1 N5603 


Ltr 

Dimensions in in 
equivalents (mm 

ches with metric 
in parentheses 

NOTES 

Minimum 

Maximum 

A 

.73 (18.54) 

.83 (21.08) 

8 

B 


.080 (2.03) 


C 

.240 (6.10) 

.264 (6.71) 


c. 

.265 (6.73) 

.400 (10.16) 

4 

0D 

1.85 (46.99) 

1.95 (49.53) 


0Di 

.57 (14.48) 

.67 (17.02) 



Ltr 

Dimensions in inches with metric 

NOTES 

equivalents (mm 

in parentheses 


Minimum 

Maximum 


A 

.970 (24.64) 

1.020 (25.91) 

8 

B 

.oM “71.27)' 

.080 (2.03) 


“C ! 

.307 (7.80) 

.317 (8.05) 

3 

Cl 

.318 (8.08) 

.400 (10.16) 

5,7 

0D 

3.450 (87.63) 

3.650 (92.71) 


0D, 

.95 (24,13) 

1.250 (31.75) 




1. All marking shall be on cathode side of 
module. 

2. Threaded stud V4-28UNF-2A. 

3. Threaded stud 3/8-24UNF-2A. 

4. Threaded insert V4-28UNF-2B. 


5. Threaded insert 3/8-24UNF-2B. 

6. Cathode connected to terminal 2. 

7. Cathode connected to terminal 1. 

8. Module contour within dimension A is not 
specified. 
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JAN 1N5597 JAN 1N5600 JAN 1N5603 


Electrical Specifications (at 25°C unless noted) 


Type 

— ^ 

PIV 

Forward 

Voltage Drop 

Maximum Leakage 
Current 
@ PIV 

Capacitance 
(® Vr = lOOV 

Maximum 

Reverse 

Transient 

Energy 

Absorption 

Min. 

Max. 

T^ = 25“C 

T^ = lOOX 

Min. 

Max. 

kV 

mA 

mA 

Pf 

pf 

joules 

JAN 1N5597 

10 

13V @1A 

19V @ lA 

1 

75 

5 

30 

2 

JAN 1N5600 

5 

6V@2A 

lOV @ 2A 

5 

100 

7 

30 

6 

JAN 1N5603 

5 

6V(® 5A 

lOV @ 5A 

5 

100 

15 

40 

12 


Typical Forward Voltage 
vs. Forward Current 


Typical Forward Voltage 
vs. Forward Current 



FORWARD VOLTAGE — MULTIPLY Vp BY: 



1 L_i 1 L L- i I ^ [ I 

0 .25 .5 .75 1 1.25 1.5 

FORWARD VOLTAGE — MULTIPLY Vp BY: 



Typical Forward Voltage 
vs. Forward Current 



0 .25 .5 .75 1 1.25 1.5 

FORWARD VOLTAGE — MULTIPLY Vp BY: 


Typical Leakage Current vs. PIV 


- JANINSeOO-^ 




5n°f: 



7 
























^ 

-1-2 5° C 


/ 















— 

- 





-)-75°C 




- 































-125°C 




















125 100 75 50 25 0 

% OF PIV 
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JAN 1N5597 JAN 1N5600 JAN 1N5603 



125 100 75 50 25 0 


% OF PIV 


Typical Leakage Current vs. PIV 


- JANU 






15603 








r- _J 


-^c 


^ 




















— 

-- 



^ 

-|-25X 


/ 


























— 


-|-75°C 














1 







-125°C- 
1 


- - - 

i 





125 100 75 50 25 0 

% OF PIV 


Current Derating Curve 



0 50 100 150 200 


CASE TEMPERATURE ("C) 
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RECTIFIER ASSEMBLIES 

High Voltage Stacks, 

Standard and Fast Recovery 


688 SERIES 


FEATURES 

• PIV:fromlOkV to25kV 

• Surge Rating; to 20A 

• Recovery Time Available: to 500ns 

• Current Ratings: to 0.6A 

• Bonded Plate for Maximum Heat Transfer 

• Controlled Avalanche Characteristics 

• Only Fused-in-Glass Diodes Used 


ABSOLUTE MAXIMUM RATINGS 

Peak Inverse Voltage . . 

Maximum Average D.C. Output Current 

Non-repetitive Sinusoidal Surge {8.3ms) 
Operating and Storage Temperature Range 
Thermal Resistance Junction to Ambient 
Junction to Case . . 



TAPPED 10-32 THREAD 


Typical Weight — 2.5 ounces 
70 grams 


MARKING 

Cathode — Positive Output + 
Anode — Negative — 

Part number is printed on the body. 


DESCRIPTION 

This series of high power stacks has a 
unique packaging design that provides 
characteristics not obtainable in conven- 
tional molded epoxy packages. This series, 
therefore, is ideally suited for high-voltage, 
high-power applications. 



lOkV to 25kV 

. . . See Electrical Specifications 

20A 

-65°C to -f 150°C 

25‘>C/W 

10°C/W 


688 SERIES 


”1 

ins. 

mm. 

A 

1.140 MAX. 

28.96 MAX. 

B 

2.985-3.015 

75.82-76.58 

C 

2.110-2.140 

53.59-54.36 

D 

.740- 770 

18 80-19.56 

EJ 

.720-.750 

18.29-19.05 


dd suffix R to denote Fast 
Recovery version. For example, 
for recovery time, t^^ = 500ns; 
order 688-lOR. 


BE 
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Electrical Specifications (at 25°C unless noted) 


688 SERIES 


Maximum Ratings 


Type 

PIV 

Maximum 

Forward 

Voltage 

Maximum 

Leakage 

Current 
@ PIV 

Maximum 

Average 

D.C. Output 

Current 


Drop 

T^ = 25“C 

T^ = 100°C 

Tc = 100°C 


kV 


/iA 

/iA 

Amps 

Standard 688-10 

10 

17V@0.4A 



0.60 

And Fast 688-12 

12 

20V(®0.4A 



0.50 

Recovery* 688-15 

15 

25V@0.4A 

2 

100 

0.40 

688-18 

18 

30V(a0.4A 



0.35 

688-20 

20 

34V(®0.4A 



0.30 

688-25 

25 

42V(®0.4A 


i 

0.20 


*Add suffix R to denote Fast Recovery version. 


Typical Forward Voltage Per Leg 
vs. Forward Current 


Typical Leakage Current vs. PIV 












K 



— 


















r 












75°C 

I 













25°C 







i 




FORWARD VOLTAGE — MULTIPLY V. BY: 


Current Derating Curve 



50 100 150 

CASE TEMPERATURE (°C) 
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HA10-100 

HVX10-100 


HIGH VOLTAGE 
SILICON RECTIFIERS 

100-250mA 

Fast Recovery, Miniature 


FEATURES 

• PIV: From 1.0kV to lOkV 

• 250nS Reverse Recovery 

• High Surge Current Ratings 

• Low Reverse Leakage 

• Corona Free 


DESCRIPTION 

The HVX/HA silicon rectifier series com- 
bine a medium rectified current capability 
and high reliabilty in a miniature package 
for commercial, industrial and military 
applications. The use of cylindrical die con- 
struction and metallurgical bonds minimize 
electrical and mechanical stress, contribut- 
ing to long life. The fast reverse recovery 
characteristics enhance applications in 
high frequency power conversion and con- 
trol circuits. 


ABSOLUTE MAXIMUM RATINGS 

Peak Inverse Voltage I.OkV to lOkV 

Maximum Average Rectified Current See Electrical Specifications 

Maximum One Cycle Surge 8.3mS See Electrical Specifications 

Maximum Recurrent Peak Current Surge See Electrical Specifications 

Operating and Storage Temperature Range -65°C to +150°C 



MECHANICAL SPECIFICATIONS 






HVX10-100 

031 ± 

002" DIA 


410 ± .005" 


(0 79) ± 

(0 05) 

■m- 

(10 41) ± (0.13) 


99 9% SILVER 

1 





... . 



© 




.140 + 005" DIA 




(28 4) 

(3,57) ±(0 13) 



Dimensions in inches and (millimeters) 
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HA10-100 HVX10-100 




ELECTRICAL SPECIFICATIONS (at 25° C unless noted) 

MAXIMUM RATINGS 1 



Peak 

Maximum 

Maximum 

Maximum 


Maximum 


Maximum 

Maximum 

Type 

Type 

Inverse 

Reverse 

Forward 

Reverse 


Average 


Recurrent 

One Cycle 


Voltage* 

Current 

Voltage 

Recovery 


Rectified 


Peak 

Surge 




@ PIV 

@ 100mA 

Time 


Currentt 


Current 

8.3mS 












Surge 



PIV 

•r 

Vp 

cc 

■o 

Ip 

ip(surge) 




25° C 

100°C 


nS 

50° C 

100° C 

125°C 




























^A 




mA 

mA 

mA 



HVX10 

HA10 ! 

1000 

1 

20 

5 

250 

250 

125 

62.5 

2.5 

14 

HVX15 

HA15 

1500 

1 

20 

5 

250 

250 

125 

62.5 

2.5 

14 

HVX20 

HA20 

2000 

1 

20 

5 

250 

250 

125 

62.5 

2.5 

14 

HVX25 

HA25 

2500 

1 

20 

5 

250 

250 

125 

62.5 

2.5 

14 

HVX30 

HA30 

3000 

1 

20 

5 

250 

250 

125 

62.5 

2.5 

14 

HVX40 

HA40 

4000 

1 

20 

12 

250 

100 

50 

25 

1.0 

4 

HVX50 I 

HA50 

5000 

1 

20 

12 

250 

100 

50 

25 

1.0 

4 

HVX75 

HA75 j 

7500 

1 

20 

12 

250 

100 

50 

25 

1.0 

4 

HVX100 ! 

HA100 

10000 

1 

20 

12 

250 1 

100 

50 

25 

1.0 

4 


*Operation and testing of devices over 10,000 V/inch may require re-encapsulation or immersion in a suitable dielectric material, 
t The stated, AVERAGE RECTIFIED CURRENT ratings require no heat sinking, special mounting or forced air across the body of the 
device. 

NOTE: Maximum lead temperature for soldering is 250° C, 3/8" (9.5mm) from case for 5 seconds maximum. 



AMBIENT TEMPERATURE {°C) 


REVERSE RECOVERY TEST CONDITIONS; I p = 50 mA, I p = 100 mA. I pp = 25 mA 


REVERSE RECOVERY WAVE FORM 



REVERSE RECOVERY TEST CIRCUIT 



UNITRODE CORPORATION • 5 FORBES ROAD 
LEXINGTON, MA 02173 • TEL. (617) 861-6540 

TWX (710) 326-6509 • TELEX 95-1064 7-16 


PRINTED IN U.S.A. 





HIGH VOLTAGE 
SILICON RECTIFIERS 

100-250mA 

Standard Recovery, Miniature 


HS10-100 

HVE10-30 (1N3643-47) 
HVE40-100 (1N5181-84) 


FEATURES 

• PIV: From 1.0kV to lOkV 

• JEDEC Types 

• High Surge Current Ratings 

• Low Reverse Leakage 

• Corona Free 


DESCRIPTION 

The HVE/HS silicon rectifier series com- 
bine a medium average rectified current 
capability and high reliability in a miniature 
package for commercial, industrial and 
military applications. The use of cylindrical 
die construction and metallurgical bonds 
minimize electrical and mechanical stress, 
contributing to long life. A 2 microsecond 
reverse recovery characteristic improves 
the circuit efficiency of power conversion 
and control systems. 


ABSOLUTE MAXIMUM RATINGS 

Peak Inverse Voltage 

Maximum Average Rectified Current 

Maximum One Cycle Surge 8.3mS 

Maximum Recurrent Peak Current Surge , . 
Operating and Storage Temperature Range 


HS HVE 

,1.0kV 10kV 


See Electrical Specifications . 
See Electrical Specifications . 
See Electrical Specifications . 
. .... -65°Cto +175°C 



MECHANICAL SPECIFICATIONS 


HVE10-30 (1N3643-47) 
HVE40-100 (1N5181-84) 


031 ± .002 DIA 
(0.79) ± (0.05) 
99.9% SILVER 

1 


I 1.12 Mm 
I (28 45) 


.410 ± 005 
(10 41) ± (0.13) 


140 ± .005 DIA 
(3.56) ± (0.13) 




Dimensions in inches and (millimeters) 







HS10-100 

.031 ± .002 DIA 


200 ± 005 


(0.79) ± (0.05) 

(5.08) ± (0.13) 


99.9% SILVER 






I] 


© 



1.12 Min 


100 ± 005 DIA 




(28 45) 


(2 54) ± (0.13) 


Dimensions in inches and (millimeters) 
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HS10-100 HVE10-30 (1N3643) HVE40-100 (1N5181-84) 


ELECTRICAL SPECIFICATIONS (at 25°C unless noted) 

MAXIMUM RATINGS 

Maximum 

Reverse 

Recovery 

Time 

Peak 

Inverse 

Voltage* 

Maximum 
Reverse 
Current 
@ PIV 

Maximum 
Forward 
Voltage @ 
100mA Max. 

Maximum 

Average 

Rectified 

Currentf 

Maximum 

Recurrent 

Peak 

Current 

Surge 

Maximum 
One Cycle 
Surge 
8.3mS 

PIV 

Ir 

Vf 

'o 

If 

Ipfsurge) 

2fjS 

2/uS 

25° C 

100°C 

25° C 

50° C 

100°C 

150°C 

Type 

Type 

V 

M 

piA 

V 

mA 

mA 

mA 

A 

A 

HS10 

HVE10 (1N3643) 

1000 

1 

20 

3.5 

250 

150 

50 

2.5 

14 

HS15 

HVE15 (1N3644) 

1500 


20 

3.5 

250 

150 

50 

2.5 

14 

HS20 

HVE20 (1N3645) 

2000 

1 

20 

3.5 

250 

150 

50 

2.5 

14 

HS25 

HVE25 (1N3646) 

2500 

1 

20 

3.5 

250 

150 

50 

2.5 

14 

HS30 

HVE30 (1N3647) 

3000 

1 

20 

3.5 

250 

150 

50 

2.5 

14 

HS40 

HVE40 (1N5181) 

4000 

1 

20 

10.0 

100 

60 

20 

1.0 

4 

HS50 

HVE50 (1N5182) 

5000 

1 

20 

10.0 

100 

60 

20 

1.0 

4 

HS75 

HVE75 (1N5183) 

7500 

1 

20 

10.0 

100 

60 

20 

1.0 

4 

HS100 

HVE100 (1N5184) 

10000 

1 

20 

10.0 

100 

60 

20 

1:0 

4 


*Operation and testing of devices over 10,000 V/inch may require re-encapsulation or immersion in a suitable dielectric material. 
fThe stated, AVERAGE RECTIFIED CURRENT ratings require no heat sinking, special mounting or forced air across the body of the 
device. 

NOTE: Maximum lead temperature for soldering is 250° C 3/8" (9.5mm) from case for 5 seconds maximum. 



REVERSE RECOVERY TEST CONDITIONS; I p = 50 mA, I r = 100 mA, I rr = 25 mA 


REVERSE RECOVERY WAVE FORM 
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HVF2500-25000 


HIGH VOLTAGE 
SILICON RECTIFIERS 

MULTI STAC 

Fast Recovery, High Current 


DESCRIPTION 

The HVF MULTISTAC high current, high 
voltage silicon rectifier’s convenient size 
and high power capability meets the relia- 
bility requirements of commercial, industrial 
and military applications. Reliability with 
economy are obtained through the use of 
proprietary innovations in manufacturing 
technique. Cylindrical die construction and 
metallurgical bonds minimize electrical and 
mechanical stress, contributing to long life. 


FEATURES 

• PIV: From 2.5kV to 25kV 

• 150nS Reverse Recovery 

• High Surge Current Ratings 

• Low Reverse Leakage 

• Corona Free 


ABSOLUTE MAXIMUM RATINGS 

Peak Inverse Voltage 

Maximum Average Rectified Current 

Maximum One Cycle Surge 8.3mS 

Operating and Storage Temperature Range 


2.5kVto25kV 

See Electrical Specifications 
See Electrical Specifications 
-55°Cto+150®C 


MECHANICAL SPECIFICATIONS 


TINNED COPPER LEADS [ 

051 ± 001" DIA ] 

(1 30mnn) ± (.254mm) 

2 " Mm 

(50.80mm) 


Dimensions in inches and (millimeters) 


, HVF2500-25000 

— CASE LENGTH— I ( 250 ± 01" 

^ \ . (6 35mm) ± ( 254mm) 


50 ± 02" 

r(12 70mm) ± ( 508mm) 


4*1 


1 


PART 

NUMBER 

CASE LENGTH | 

INCHES 

MILLIMETERS 

HVF2500 

1.125 ± .02 

28.58 ± .508 

HVF5000 

2.000 ± .02 

50.80 ± .508 

HVF7500 

2.750 ± .02 

69.85 ± .508 

HVF10000 

3.500 ± .02 

88.90 + .508 

HVF12500 

4.250 ± .02 

107.95 ± 508 

HVF15000 

4.250 ± .02 

107.95 ± .508 

HVF20000 

4.250 ± .02 

107.95 ± .508 

HVF25000 

4.250 ± .02 

107.95 ± .508 
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HVF2500- 25000 


Type 

ELECTRICAL SPECIFICATIONS (at 25° C unless noted) 

MAXIMUM RATINGS 

Case 

Length 

Peak 

Inverse 

Voltage* 

Maximum 
Reverse 
Current 
@ PIV 

Maximum 
Forward 
Voltage 
@ lo Max. 

Maximum 

Reverse 

Recovery 

Time 

Maximum 

Average 

Rectified 

Currentf 

Maximum 

One Cycle 

Surge 

8.3mS 

PIV 

Ir 

Vf 

Trr 

•o 

iF(surge) 

V 

25° C 

100° C 

V 

nS 

55° C 

100°C 

25° C 

100°C 

/xA 

ma 

A 

A 

A 

A 

Ins. 

MM 

HVF2500 

2500 

0.1 

15 

5.5 

150 

.5 

.33 

40 

20 

1.125 

28.58 

HVF5000 

5000 

0.1 

15 

11.0 

150 

.5 

.33 

40 

20 

2.000 

50.80 

HVF7500 

7500 

0.1 

15 

16.5 

150 

.5 

.33 

40 

20 

2.750 

69.85 

HVF 10000 

10000 

0.1 

15 

22.0 

150 

.5 

.33 

40 

20 

3.500 

88.90 

HVF 12500 

12500 

0.1 

15 

27.5 

150 

.5 

.33 

40 

20 

4.250 

107.95 

HVF 15000 

15000 

0.1 

15 

33.0 

150 

.5 

.33 

40 

20 

4.250 

107.95 

HVF 20000 

20000 

0.1 

15 

38.5 

150 

•5 

.33 

40 

20 

4.250 

107.95 

HVF 25000 

25000 

0.1 

15 

44.0 

150 1 

.5 

.33 

40 

20 

4.250 

107.95 


* Operation and testing of devices over 10,000 V/inch may require re-encapsulation or immersion in a suitable dielectric material, 
t The stated, AVERAGE RECTIFIED CURRENT ratings require no heat sinking, special mounting or forced air across the body of the 
device. 

NOTE: Maximum lead temperature for soldering is 250° C 3/8" (9.5mm) from case for 5 seconds. 


MAXIMUM FORWARD CURRENT VS. AMBIENT TEMPERATURE 



FORWARD CURRENT PER LEG VS. AMBIENT TEMPERATURE (°C) 


REVERSE RECOVERY TEST CONDITIONS: Ip = 0.1 A, Ip = 0.2 A. Ipp = 0.05A 


T pp = 150nS 


REVERSE RECOVERY WAVE FORM 



REVERSE RECOVERY TEST CIRCUIT 


R.U.T. 

-t>f- 




Reverse recovery is measured on each rectifier stack prior to manufacture of the assembly 
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HVFS2500-20000 


HIGH VOLTAGE 
SILICON RECTIFIERS 

MULTISTAC 

Fast Recovery, High Current 


FEATURES 

• PIV: From 2.5kV to 20kV 

• 150nS Reverse Recovery 

• High Surge Current Ratings 

• Low Reverse Leakage 

• Corona Free 


ABSOLUTE MAXIMUM RATINGS 

Peak Inverse Voltage 

Maximum Average Rectified Current 

Maximum One Cycle Surge 8.3mS 

Operating and Storage Temperature Range 


2.5kV to 20kV 

See Electrical Specifications 
See Electrical Specifications 
-55° C to +150°C 


MECHANICAL SPECIFICATIONS 

I HVFS2500-20000 


051 ± 003 DIA. 38 + 01 

(1 30) ± (0 08) (9 65) ± (2 54) 





1 

1 







2 0 Min 

t 

69 ± 02 
(17.53) ± (0.51) 

• (50.8) 


PART 

NUMBER 

CASE LENGTH 

INCHES 

MILLIMETERS 

HVS2500 

1.5 ± .03 

38 1 ± 0.76 

HVS5000 

2 5 ± .03 

63 5 ± 0 76 

HVS7500 

3.5 ± 03 

88.9 ± 0.76 

HVSIOOOO 

4.5 ± .03 

114 3 ±0.76 

HVS12500 

5 5 ± .03 

139 7 ± 0 76 

HVS15000 

65± 03 

165 1 ± 0.76 

HVS17500 

6.5 ± 03 

165.1 ± 0.76 

HVS20000 

6 5 ± .03 

165 1 ± 0.76 


Dimensions in inches and (millimeters) 


DESCRIPTION 

The HVFS MULTISTAC high current, high 
voltage silicon rectifier’s convenient size 
and high power capability meets the relia- 
bility requirements of commercial, industrial 
and military applications. Reliability with 
economy are obtained through the use of 
proprietary innovations in manufacturing 
technique. Cylindrical die construction and 
metallurgical bonds minimize electrical and 
mechanical stress, contributing to long life. 


PC 



Reformatted 12/79 


7-21 




HVFS2500-20000 


ELECTRICAL SPECIFICATIONS (at 25° C unless noted) MAXIMUM RATINGS 


Type 

Peak 

Inverse 

Voltage* 

Maximum 
Reverse 
Current 
@ PIV 

Maximum 
Forward 
Voltage 
@ 'o 

Maximum 

Reverse 

Recovery 

Time 

Maximum 

Average 

Rectified 

Current! 

Maximum 

One Cycle 

Surge 

8.3mS 

Case 

Length 


PIV 

1 ^ 

Vf 

Trr 

•o 

iF(surge) 




y 

25° C 

100°C 

v 

nS 

55° C 

100°C 

25° C 

100°C 





)UA 

fiA 



A 

A 

A 

A 

Ins. 

MM 

HVFS2500 

2500 

10 

120 

8 

150 

2.2 

1.3 

200 

100 

1.5 

38.1 

HVFS5000 

5000 

10 

120 

16 

150 

2.2 

1.3 

200 

100 

2.5 

63.5 

HVFS7500 

7500 

10 

120 

21 

150 

2.2 

1.3 

200 

100 

3.5 

88.9 

HVFS 10000 

10000 

10 

120 

29 

150 

2.2 

1.3 

200 

100 

4.5 

114.9 

HVFS 12500 

12500 

10 

120 

36 

150 

2.2 

1.3 

200 

100 

5.5 

139.7 

HVFS 15000 

15000 

10 

120 

44 

150 

2.2 

1.3 

200 

100 

6.5 

165.1 

HVFS 17500 

17500 

10 

120 

51 

150 

2.2 

1.3 

200 

100 

6.5 

165.1 

HVFS 20000 

20000 

10 

120 

58 

150 

2.2 

1.3 

200 

100 

6.5 

165.1 


*Operation and testing of devices over 10,000 V/inch may require re-encapsulation or immersion in a suitable dielectric material, 
t The stated, AVERAGE RECTIFIED CURRENT ratings require no heat sinking, special mounting or forced air across the body of the 
device. 

NOTE: Maximum lead temperature for soldering is 250° C 3/8" (9.5mm) from case for 5 seconds. 


MAXIMUM FORWARD CURRENT VS AMBIENT TEMPERATURE 



REVERSE RECOVERY TEST CONDITIONS: If = 12.5A, Ir=25A, Irr =6.25A 


REVERSE RECOVERY WAVE FORM 
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HVH5000-25000 


HIGH VOLTAGE 
SILICON RECTIFIERS 

MULTISTAC 
Standard Recovery 


FEATURES 

• PIV: From 5kV to 25kV 

• 2/iS Reverse Recovery 

• High Surge Current Ratings 

• Low Reverse Leakage 

• Corona Free 


DESCRIPTION 

The HVH MULTISTAC silicon rectifier 
assemblies meet the stringent reliability 
requirements of commercial, industrial and 
military users through the use of proprietary 
innovations in manufacturing technique. 
Cylindrical die construction and metallurgi- 
cal bonds minimize electrical and mech- 
anical stress, contributing to long life. The 
2 microsecond reverse recovery time im- 
proves the circuit efficiency of power 
conversion and control systems. 


ABSOLUTE MAXIMUM RATINGS 

Peak Inverse Voltage 5kV to 25kV 

Maximum Average Rectified Current See Electrical Specifications 

Maximum One Cycle Surge 8.3mS See Electrical Specifications 

Operating and Storage Temperature Range -55° C to +150°C 


MECHANICAL SPECIFICATIONS 


TINNED COPPER LEADS 


051 ± 001" DIA 
(1 30mm) + ( 254mm) 


- 2" Mm - 
(50 80mm) 


Dimensions in inches and (millimeters) 


HVH5000-25000 


- CASE LENGTH - 


|| ^ (6 35mm) ± (254mm) 

\ 


50 + 02" 

r~(12 70mm) ± (508mm) 



1 


PART 

NUMBER 

CASE LENGTH 1 

INCHES 

MILLIMETERS 

HVH 5000 

1 125 + 02 

28 58 ± 508 

HVH7500 

1.625 ± 02 

41.28 ± 508 

HVH 10000 

2 000 ± 02 

, 50 80 + 508 

HVH 12500 

2 375 ± 02 

60 33 ± .508 

HVH 15000 

2 750 + 02 

69 85 ± 508 

HVH 20000 

3 500 ± 02 

88.90 ± 508 

HVH 25000 

4 250 ± 02 

107 95 + .508 
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PEAK SINE WAVE FORWARD CURRENT ( A ) 


HVH5000- 25000 


ELECTRICAL SPECIFICATIONS (at 25° C unless noted) 

MAXIMUM RATINGS 

Case 

Length 

Maximum 

Reverse 

Recovery 

Time 

Peak 

Inverse 

Voltage* 

Maximum 

Reverse 

Current 
@ PIV 

Maximum 
Forward 
Voltage 
@ Iq 

Maximum 

Average 

Rectified 

Currentt 

Maximum 

One Cycle 
Surge 

2fjS 

PIV 

Ir 

Vf 

•o 

Iplsurge) 

Type 

V 

25° C 

100°C 

25° C 

55°C 

100°C 

25° C 

100°C 

mA 

fxA 

V 

A 

A 

A 

A 

Ins. 

MM 

HVH 5000 

5000 

0.1 

15 

7 

.5 

.33 

60 

30 

1.125 

28.58 

HVH 7500 

7500 

0.1 

15 

10 

.5 

.33 

60 

30 

1.625 

41.28 

HVH 10000 

10000 

0.1 

15 

14 

.5 

.33 

60 

30 

2.000 

50.80 

HVH 12500 

12500 

, 0.1 

15 

17 

.5 

.33 

60 

30 

2.375 

60.33 

HVH 15000 

15000 

0.1 

15 

20 

.5 

.33 

60 

30 

2.750 

69.85 

HVH 20000 

20000 

0.1 

15 

27 

.5 

.33 

60 

30 

3.500 

88.90 

HVH 25000 

25000 

0.1 

15 

33 

.5 

.33 

60 

30 

4.250 

107.95 


*Operation and testing of devices over 10,000 V/inch may require re-encapsulation or immersion in a suitable dielectric material. 
tThe stated, AVERAGE RECTIFIED CURRENT ratings require no heat sinking, special mounting or forced air across the body of the 
device. 

NOTE: Maximum lead temperature for soldering is 250° C 3/8" (9.5mm) from case for 5 seconds. 


MAXIMUM FORWARD CURRENT VS. AMBIENT TEMPERATURE 



FORWARD CURRENT PER LEG VS. AMBIENT TEMPERATURE (°C) 


MAXIMUM RATINGS FOR CAPACITY LOADS 

R 


• " *4 • A V- 1 — • 


120 


1 


“C 

E IN 1 


V 


INSURGE 

= E IN PEAK 

< 

LU 

g ao 

D 

CO 

Z 60 






R 




N 



r 1 




10( 

/ 

)°C 

L 




1 




[ 

1 

r ^ 




20 

o 


i 

1 

i 

! ) 

1 1 

i ^ 



0.1 0.2 0.4 0.6 1.0 2.0 4.0 6.0 10 


RC TIME CONSTANT (mS) 


NON-RECURRENT FORWARD CURRENT SURGE CURVE 



REVERSE RECOVERY WAVE FORM 



REVERSE RECOVERY TEST CIRCUIT 
R.U.T. 



Reverse recovery is measured on each rectifier 
stack prior to manufacture of the assembly. 
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HVHF5000-25000 


HIGH VOLTAGE 
SILICON RECTIFIERS 

MULTISTAC 

Standard Recovery, High Current 


FEATURES 

• PIV; From 5kV to 25kV 

• ^fJlS Reverse Recovery 

• High Surge Current Ratings 

• Low Reverse Leakage 

• Corona Free 


DESCRIPTION 

The HVHF MULTISTAC high current, high 
voltage silicon rectifier’s convenient size 
and high power capability meets the relia- 
bility requirements of commercial, industrial 
and military applications. Reliability with 
economy are obtained through the use of 
proprietary innovations in manufacturing 
technique. Cylindrical die construction and 
metallurgical bonds minimize electrical and 
mechanical stress, contributing to long life. 


ABSOLUTE MAXIMUM RATINGS 

Peak Inverse Voltage 5kV to 25kV 

Maximum Average Rectified Current See Electrical Specifications 

Maximum One Cycle Surge 8.3mS See Electrical Specifications 

Operating and Storage Temperature Range -55° C to +150°C 


MECHANICAL SPECIFICATIONS 


.051 ± .001" DIA. 
(1.30mm) ± (.254mm) 
99.3% SILVER 


- 2 " Mm ■ 
(50 80mm) 


Dimensions in inches and (millimeters) 


HVHF5000-25000 


|— CASE LENGTH— I ^ 

< 


250 + 01" 

(6 35mm) + ( 254mm) 


I 


50 ± 02" 

[”{12 70mm) ± ( 508mm) 



I 


i PART 

; NUMBER 

CASE LENGTH I 

INCHES 

MILLIMETERS 

\ HVHF5000 

1 125 ± .02 

28.58 ± 0.508 

I HVHF7500 

1.625 ± 02 

41 28 ± 0 508 

HVHF 10000 

2.000 ± 02 

50 80 ± 0 508 

HVHF12500 

2.375 ± 02 

60 33 ± 0.508 

HVHF15000 

2.750 ± 02 ' 

69 85 ± 0.508 

HVHF20000 

3.500 ± 02 

88 90 ± 0.508 

HVHF25000 

4 250± 02 

107 95 ±0 508 
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HVHF5000-25000 



ELECTRICAL SPECIFICATIONS (at 25° C unless noted) 

MAXIMUM RATINGS 



Type 

Peak 

Inverse 

Voltage* 

Maximum 
Reverse 
Current 
@ PIV 

Maximum 
Forward 
Voltage 
@ Iq 

Maximum 

Reverse 

Recovery 

Time 

Maximum 

Average 

Rectified 

Currentt 

Maximum 

Cne Cycle 

Surge 

8.3mS 

Case 

Length 


PIV 

Ir 

Vf 

Trr 

lo 

Ipfsurge) 




v 

25° C 

100°C 


uS 

55° C 

100°C 

25° C 

100°C 





)UA 

fxA 


A 

A 

A 

A 

Ins. 

MM 

HVHF5000 

5000 

0.1 

15 

7 

1 

.5 

.33 

60 

30 

1.125 

28.58 

HVHF7500 

7500 

0.1 

15 

10 

1 

.5 

.33 

60 

30 

1.625 

41.28 

HVHF10000 

10000 

0.1 

15 

14 

1 

.5 

.33 

60 

40 

2.000 

50.80 

HVHF12500 

12500 

0.1 

15 

17 

1 

.5 

.33 

60 

40 

2.375 

60.33 

HVHF15000 

15000 

0.1 

15 

20 

1 

.5 

.33 

60 

40 

2.750 

69.85 

HVHF20000 

20000 

0.1 

15 

27 

1 

.5 

.33 

60 

40 

3.500 

88.90 

HVHF25000 

25000 

0.1 

15 

33 

1 

.5 

.33 

60 

40 

4.250 

107.95 


*Operation and testing of devices over 10,000 V/inch may require re-encapsulation or immersion in a suitable dielectric material, 
t The stated, AVERAGE RECTIFIED CURRENT ratings require no heat sinking, special mounting or forced air across the body of the 
device. 

NOTE: Maximum lead temperature for soldering is 250° C 3/8" (9.5mm) from case for 5 seconds. 


MAXIMUM FORWARD CURRENT VS. AMBIENT TEMPERATURE 



FORWARD CURRENT PER LEG VS. AMBIENT TEMPERATURE (°C) 
REVERSE RECOVERY TEST CONDITIONS: If = 100mA, Ir = 200mA, Irr = 50mA 


REVERSE RECOVERY WAVE FORM REVERSE RECOVERY TEST CIRCUIT 
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HIGH VOLTAGE HVHJ15K-45K 

SILICON RECTIFIERS 

MULTISTAC 

Medium Recovery, Medium Current 


FEATURES 

• PIV; From 15kV to 45kV 

• 2/jS Reverse Recovery 

• High Surge 

• Low Reverse Leakage 

• Corona Free 


DESCRIPTION 

The HVHJ MULTISTAC medium current, 
high voltage silicon rectifier assembly’s small 
size and high power capability meets the 
stringent reliability requirements of commer- 
cial, industrial and military applications. 
Reliabilty with economy are obtained 
through the use of proprietary innovations 
in manufacturing technique. Cylindrical die 
construction and metallurgical bonds min- 
imize electrical and mechanical stress, 
contributing to long life. 



ABSOLUTE MAXIMUM RATINGS 

Peak Inverse Voltage 

Maximum Average Rectified Current 

Maximum One Cycle Surge 8.3mS 

Operating and Storage Temperature Range 


15kVto45kV 

See Electrical Specifications 
See Electrical Specifications 
-55° C to +150°C 


MECHANICAL SPECIFICATIQNS 


HVHJ15K-45K 


040 ± .001 DIA 
(10 16) ± (.0254) 



250 ± .01 
(6.35) ± (0.254) 



^ CASE LENGTH 


.250 ± .01 
(6.35) ± (.0254) 


2 0 Min. 
(50.8) 


Dimensions in inches and (millimeters) 


PART 

NUMBER 

CASE LENGTH | 

INCHES 

MILLIMETERS 

HVHJ15K 

1 5 + .02 

38 1 ± .508 

HVHJ20K 

20 ± 02 

50 8 + .508 

HVHJ22 5K 

2.0 + .02 

50.8 ± .508 

HVHJ25K 

2.5 ± 02 

63.5 ± .508 

HVHJ30K 

2.5 ± .02 

63 5 ± .508 

HVHJ35K 

3 0 ± .02 

76.2 ± .508 

HVHJ37.5K 

3.0 ± .02 

76.2 ± .508 

HVHJ40K 

3 5 + .02 

88 9 ± .508 

HVHJ45K 

3 5 ± .02 

88 9 ± .508 
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HVHJ15K-45K 



ELECTRICAL SPECIFICATIONS (at 25° C unless noted) 

MAXIMUM RATINGS 



Type 

Peak 

Inverse 

Voltage* 

Maximum 
Reverse 
Current 
@ PIV 

Maximum 
Forward 
Voltage 
@ Iq 

Maximum 

Reverse 

Recovery 

Time 

Maximum 

Average 

Rectified 

Currentt 

Maximum 

One Cycle 

Surge 

8.3mS 

Case 

Length 


PIV 

•r 

Vf 

Trr 

•o 

Iptsurge) 





25° C 

100°C 

V 

/js 

55° C 

100°C 

25° C 

100° C 





jUA 

MA 


mA 

mA 

A 

A 

Ins. 

MM 

HVHJ15K 

15000 

0.1 

25 

20 

2 

50 

30 

5 

2.5 

1.5 

38.1 

HVHJ20K 

20000 

0.1 

25 

30 

2 

50 

30 

5 

2.5 

2.0 

50.8 

HVHJ22.5K 

22500 

0.1 

25 

30 

2 

50 

30 

5 

2.5 

2.0 

50.8 

HVHJ25K 

25000 

0.1 

25 

40 

2 

50 

30 

5 

2.5 

2.5 

63.5 

HVHJ30K 

30000 

0.1 

25 

40 

2 

50 

30 

5 

2.5 

2.5 

63.5 

HVHJ35K 

35000 

0.1 

25 

50 

2 

50 

30 

5 

2.5 

3.0 

76.2 

HVHJ37.5K 

37500 

0.1 

25 

50 

2 

50 

30 

5 

2.5 

3.0 

76.2 

HVHJ40K 

40000 

0.1 

25 

60 

2 

50 

30 

5 

2.5 

3.5 

88.9 

HVHJ45K 

45000 

0.1 

25 

60 

2 

50 

30 

5 

2.5 

3.5 

88.9 


^Operation and testing of devices over 10,000 V/inch may require re-encapsulation or immersion in a suitable dielectric material, 
t The stated, AVERAGE RECTIFIED CURRENT ratings require no heat sinking, special mounting or forced air across the body of the 
device. 

NOTE: Maximum lead temperature for soldering is 250° C 3/8" (9.5mm) from case for 5 seconds. 



REVERSE RECOVERY TEST CONDITIONS: !F=50mA. lR = 100mA, Irr =25mA 


REVERSE RECOVERY WAVE FORM REVERSE RECOVERY TEST CIRCUIT 
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HIGH VOLTAGE 
SILICON RECTIFIERS 

MULTISTAC 

Medium Recovery, High Current 


FEATURES 

• PIV: From 2.5kV to 20kV 

• 2/jS Reverse Recovery 

• High Surge Current Ratings 

• Low Reverse Leakage 

• Corona Free 


ABSOLUTE MAXIMUM RATINGS 

Peak Inverse Voltage 2.5kV to 20kV 

Maximum Average Rectified Current See Electrical Specifications 

Maximum One Cycle Surge 8.3 mS See Electrical Specifications 

Operating and Storage Temperature Range -55°C to +150°C 


MECHANICAL SPECIFICATIONS 


HVHS2500-20000 


.051 ± .003 DIA. 38 ± 01 

(1.30) ± (0.08) (8.65) ± (2.54) 


CASE LENGTH * 


t 

.69 ± .02 
(17.53) ± (0.51) 


2.0 Min. 
(50.8) 


PART 

NUMBER 

CASE LENGTH | 

INCHES 

MILLIMETERS 

HVHS2500 

1.5 ± 03 

38.1 ± 0.76 

HVHS5000 

2.5 ± .03 

63 5 ± 0.76 

HVHS7500 

3 5 ± .03 

88.9 ± 0.76 

HVHS10000 

4.5 ± 03 

114.3 ± 0.76 

HVHS12500 

5.5 ± 03 

139.7 ± 0.76 

HVHS15000 

6.5 ± .03 ! 

165 1 ± 0.76 

HVHS17500 

6.5 ± .03 

165 1 ±0.76 

HVHS20000 

6.5 ± .03 

165.1 ± 0.76 


Dimensions in inches and (millimeters) 


HVHS2500-20000 


DESCRIPTION 

The HVHS MULTISTAC high current, high 
voltage silicon rectifier’s convenient size and 
high power capability meets the reliability 
requirements of commercial, industrial and 
military applications. Reliability with 
economy are obtained through the use of 
proprietary innovations in manufacturing 
technique. Cylindrical die construction and 
metallurgical bonds minimize electrical and 
mechanical stress, contributing to long life. 


PC 
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HVHS2500-20000 



ELECTRICAL SPECIFICATIONS (at 25° C unless noted) 

MAXIMUM RATINGS 



Type 

Peak 

Inverse 

Voltage* 

Maximum 
Reverse 
Current 
@ PIV 

Maximum 
Forward 
Voltage 
@ >0 

Maximum 

Reverse 

Recovery 

Time 

Maximum 

Average 

Rectified 

Currentt 

Maximum 

One Cycle 

Surge 

8.3mS 

Case 

Length 


PIV 

Ir 

Vf 

Trr 

lo 

Iplsurge) 





25° C 

100°C 


fiS 

55° C 

100°C 

25° C 

100° C 





ma 

ma 


A 

A 

A 

A 

Ins. 

MM 

HVHS2500 

2500 

10 

120 

5 

2 

2.2 

1.3 

200 

100 

1.5 

38.1 

H VMS 5000 

5000 

10 

120 

10 

2 

2.2 

1.3 

200 

100 

2.5 

63.5 

HVHS7500 

7500 

10 

120 

15 

2 

2.2 

1.3 

200 

100 

3.5 

88.9 

H VMS 10000 

10000 

10 

120 

20 

2 

2.2 

1.3 

200 

100 

4.5 

114.9 

HVHS 12500 

12500 

10 

120 

25 

2 

2.2 

1.3 

200 

100 

5.5 

139.7 

HVHS 15000 

15000 

10 

120 

30 

2 

2.2 

1.3 

200 

100 

6.5 

165.1 

HVHS 17500 

17500 

10 

120 

35 

2 

2.2 

1.3 

200 

100 

6.5 

165.1 

HVHS 20000 

20000 

10 

120 

40 

2 

2.2 

1.3 

200 

100 

6.5 

165.1 


*Operation and testing of devices over 10,000 V/inch may require re-encapsulation or immersion in a suitable dielectric material, 
t The stated, AVERAGE RECTIFIED CURRENT ratings require no heat sinking, special mounting or forced air across the body of the 
device. 

NOTE: Maximum lead temperature for soldering is 250° C 3/8” (9.5mm) from case for 5 seconds. 



-55 0 25 so 75 100 125 150 175 

AMBIENT TEMPERATURE (°C) 


REVERSE RECOVERY TEST CONDITIONS: If = 0.4A, Ir = 0.8A, Irr = 0.2A 


Trr 


REVERSE RECOVERY WAVE FORM 



REVERSE RECOVERY TEST CIRCUIT 
R.U.T. 



Reverse recovery is measured on each rectifier stack 
prior to manufacture of the assembly 
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HIGH VOLTAGE HVJX15K-45K 

SILICON RECTIFIERS 

MULTISTAC 

Fast Recovery, Medium Current 


FEATURES 

• PIV; From 15kV to 45I<V 

• 200nS Reverse Recovery 

• High Surge Current Ratings 

• Low Reverse Leakage 

• Corona Free 


DESCRIPTION 

The HVJX MULTISTAC medium current 
high voltage silicon rectifier assembly’s 
small size and high power capabilty meets 
the stringent reliabilty requirements of 
commercial, industrial and military appli- 
cations. Reliability with economy are ob- 
tained through the use of proprietary inno- 
vations in manufacturing technique. Cylin- 
drical die construction and metallurgical 
bonds minimize electrical and mechanical 
stress, contributing to long life. 



ABSOLUTE MAXIMUM RATINGS 

Peak Inverse Voltage 15kV to 45k V 

Maximum Average Rectified Current See Electrical Specifications 

Maximum One Cycle Surge 8.3 mS See Electrical Specifications 

Operating and Storage Temperature Range -55°C to +150°C 


MECHANICAL SPECIFICATIONS 


HVJX15K-45K 


40 ± 001 DIA 
(10 16) ± (0254) 



250 ± .01 
(6.35) ± ( 254) 

1 


i 


I 

250 ± 01 
(6 35) ± ( 254) 


Dimensions in inches and (millimeters) 


CASE LENGTH 


2 0 Min. 
(50 8) 


PART 

NUMBER 

CASE LENGTH | 

INCHES 

MILLIMETERS 

HVJX15K 

1 5 ± 02 

38 1 ± 508 

HVJX20K 

2.0 ± .02 

50.8 ± .508 

HVJX22.5K 

2.0 ± 02 

50.8 ± 508 

HVJX25K 

2 5 ± .02 

63 5 ± 508 

HVJX30K 

2.5 ± .02 

63 5 ± .508 

HVJX35K 

3.0 ± 02 

76.2 ± 508 

HVJX37.5K 

3.0 ± .02 

76.2 ± .508 

HVJX40K 

3.5 ± 02 

88 9 ± .508 

HVJX45K 

3.5 + .02 

88.9 ± .508 
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HVJX15K-45K 



ELECTRICAL SPECIFICATIONS (at 25° C unless noted) 

MAXIMUM RATINGS 



Type 

Peak 

Inverse 

Voltage* 

Maximum 
Reverse 
Current 
@ PIV 

Maximum 
Forward 
Voltage 
@ Iq 

Maximum 

Reverse 

Recovery 

Time 

Maximum 

Average 

Rectified 

Currentf 

Maximum 

One Cycle 

Surge 

8.3mS 

Case 

Length 


PIV 

Ir 

Vf 

Trr 

lo 

iF(surge) 





25°C 

100° c 

V 

nS 

55° C 

100°C 

25° C 

100°C 





fxA 

ma 


mA 

mA 

A 

A 

Ins. 

MM 

HVJX15K . 

15000 

0.1 

25 

24 

200 

50 

30 

5 

2.5 

1.5 

38.1 

HVJX20K 

20000 

0.1 

25 

36 

200 

50 

30 

5 

2.5 

2.0 

50.8 

HVJX22.5K 

22500 

0.1 

25 

36 

200 

50 

30 

5 

2.5 

2.0 

50.8 

HVJX25K 

25000 

0.1 

25 

48 

200 

50 

30 

5 

2.5 

2.5 

63.5 

HVJX30K 

30000 

0.1 

25 

48 

200 

50 

30 

5 

2.5 

2.5 

63.5 

HVJX35K 

35000 

0.1 

25 

60 

200 

50 

30 

5 

2.5 

3.0 

76.2 

HVJX37.5K 

37500 

0.1 

25 

60 

200 

50 

30 

5 

2.5 

3.0 

76.2 

HVJX40K 

40000 

0.1 

25 

72 

200 

50 

30 

5 

2.5 

3.5 

88.9 

HVJX45K 

45000 

0.1 

25 

72 

200 

50 

30 

5 

2.5 

3.5 

88.9 


*Operation and testing of devices over 10,000 V/inch may require re-encapsulation or immersion in a suitable dielectric material, 
t The stated, AVERAGE RECTIFI ED CURRENT ratings require no heat sinking, special mounting or forced air across the body of the 
device. 

NOTE: Maximum lead temperature for soldering is 250° C 3/8" (9.5mm) from case for 5 seconds. 


MAXIMUM FORWARD CURRENT VS AMBIENT TEMPERATURE 



REVERSE RECOVERY TEST CONDITIONS lF=50mA, Ir = 100mA, Irr =25mA 


REVERSE RECOVERY WAVE FORM 



REVERSE RECOVERY TEST CIRCUIT 
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HIGH VOLTAGE 
SILICON RECTIFIERS 

POWERSTACK 

1.5to3.0A 

Very High Current, Miniature 


FEATURES 

• PIV:From1.5kVto10kV 

• 1.5to3.0A 

• 250nS Reverse Recovery 

• High Surge Ratings 

• Low Reverse Leakage 

• Corona Free 


DESCRIPTION 

The KX/KXS silicon rectifier series is a 
unique concept for high current high voltage 
applications. Matched junction character- 
istics and low stray capacitance due to 
metallurgically bonded junctions eliminates 
the need for external compensation net- 
works. These rectifiers utilize HVD’s cylindri- 
cal die construction, which minimizes elec- 
trical and mechanical stress, insuring long 
life for commercial, military and industrial 
applications. 



ABSOLUTE MAXIMUM RATINGS 

Peak I nverse Voltage 1 .5kV to 1 0kV 

Maximum Average Rectified Current See Electrical Specifications 

Maximum One Cycle Surge 8.3mS See Electrical Specifications 

Operating Temperature Range -55®Cto+150®C 

Storage Temperature Range -55®Cto +175®C 


MECHANICAL SPECIFICATIONS 
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KX15-100 KXS15-100 


ELECTRICAL SPECIFICATIONS (at 25° C unless noted) | 

MAXIMUM RATINGS 

Maximum 

Reverse 

Recovery 

Time 

Peak 

Inverse 

Voltage* 

Maximum 
Reverse 
Current 
@ PIV 

Maximum 
Forward 
Voltage 
@ lo 

Maximum 

Average 

Rectified 

Currentf 

Maximum 
One Cycle 
Surge 
8.3mS 

Typical 

Thermal 

Impedanceft 

250 nS 

2uS 

PIV 

•r 

Vp 

Iq 

iF(surge) 

R^jl 

Type 

Type 

V 

25° C 

100°C 

V 

50° C 

100°C 

120°C 

fjA 

aA 

A 

A 

A 

A 

° C/Watt 

KX15 

KXS15 

1500 

2.0 

100 

5.0 

3.00 

1.50 

.75 

200 

2.0 

KX20 

KXS20 

2000 

2.0 

100 

5.0 

3.00 

1.50 

.75 

200 

2.0 

KX25 

KXS25 

2500 

2.0 

100 

5.0 

3.00 

1.50 

.75 

200 

2.0 

KX30 

KXS30 

3000. 

2.0 

100 

7.0 

2.20 

1.10 

.55 

150 

2.5 

KX40 

KXS40 

4000 

2.0 

100 

7.0 

2.20 

1.10 

.55 

150 

2.5 

KX50 

KXS50 

5000 

2.0 

100 

7.0 

2.20 

1.10 

.55 

150 

2.5 

KX60 

KXS60 

6000 

2.0 

100 

11.0 

1.50 

.75 

.37 

100 

3.0 

KX80 

KXS80 

8000 

2.0 

100 

11.0 

1.50 

.75 

.37 

100 

3.0 

KX100 

KXS100 

10000 

2.0 

100 

11.0 

1.50 

.75 

.37 

100 

3.0 


^Operation and testing of devices over 10,000 V/inch may require re-encapsulation or immersion in a suitable dielectric material, 
t The stated, AVERAGE RECTI FIED CURRENT ratings require no heat sinking, special mounting or forced air across the body of the 
device. 

tfTypical thermal impedance determined with rectifier mounted on infinite heat sinks 0.10" from device body using temperature of 
center junction and lead temperature adjacent to body. 

NOTE: Maximum lead temperature for soldering is 250° C 3/8" (9.5mm) from case for 5 seconds. 


z 

UJ 

m Q 

QC < 
^ 
CL DC 

o 

u. 

LU 

(J 

< 

CL 



AMBIENT TEMPERATURE ("C) 


REVERSE RECOVERY TEST CONDITIONS: Ip = 400mA, 1 r = 800mA, Irr = 200mA 

REVERSE RECOVERY WAVE FORM 
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SX10-100 

SXS10-100 


HIGH VOLTAGE 
SILICON RECTIFIERS 

POWERSTACK 

400mA-1.0A 

High Current, Miniature 


FEATURES 

• PIV; From 1kV to lOkV 

• 400mA to 1.0A 

• 250nS Reverse Recovery 

• High Surge Ratings 

• Low Reverse Leakage 

• Corona Free 


DESCRIPTION 

The SX/SXS silicon rectifier series is a uni- 
que concept for high current high voltage 
applications. Matched junction characteris- 
tics and low stray capacitance due to metal- 
lurgically bonded junctions eliminate the 
need for external compensation networks. 
These rectifiers utilize HVD’s cylindrical die 
construction, which minimizes electrical 
and mechanical stress, insuring long life for 
commercial, military and industrial 
applications. 


ABSOLUTE MAXIMUM RATINGS 

Peak Inverse Voltage 1kV to 10kV 

Maximum Average Rectified Current See Electrical Specifications 

Maximum One Cycle Surge 8.3mS See Electrical Specifications 

Operating and Storage Temperature Range -65°C to +150° C 


MECHANICAL SPECIFICATIONS 


.040 ± .003" DIA. 
(1.016mm) ± (0.076mm) 
99.9% SILVER 


SX10-100 

SXS10-100 


.300 ± .015" 
(7.62mm) ± (.381mm) 






.40 Min. 


1 

.400 ± 015" 


(10.16mm) 

◄ ► 

(10.16mm) ± (.381mm) 




Dimensions in inches and (miilimeters) 
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SX10-100 SXS10-100 


ELECTRICAL SPECIFICATIONS (at 25° C unless noted) 

MAXIMUM RATINGS 

Maximum 

Reverse 

Recovery 

Time § 

Peak 

Inverse 

Voltage* 

Maximum 

Reverse 

Current 
@ PIV 

Maximum 
Forward 
Voltage 
@ >o 

Maximum 

Average 

Rectified 

Currentf 

Maximum 
One Cycle 
Surge 
8.3mS 

250nS 

2fjS 

PIV 

Ir 

Vp 



iF(surge) 

Type 

Type 

V 

25° C 

100°C 

25° C 

50° C 

100°C 

125°C 

A 

mA 

IxA 

V 

mA 

mA 

mA 

SX10 

SXS10 

1000 

1.0 

25 

5.5 

1000 

500 

250 

60 

SX15 

SXS15 

1500 

1.0 

25 

5.5 

1000 

500 

250 

60 

SX20 

SXS20 

2000 

1.0 

25 

5.5 

1000 

500 

250 

60 

SX25 

SXS25 

2500 

1.0 

25 

5.5 

1000 

500 

250 

60 

SX30 

SXS30 

3000 

1.0 

25 

7.5 

600 

300 

150 

40 

SX40 

SXS40 

4000 

1.0 

25 

7.5 

600 

300 

150 

40 

SX50 

SXS50 

5000 

1.0 

25 

7.5 

600 

300 

150 

40 

SX60 

SXS60 

6000 

1.0 

25 

11.0 

400 

200 

100 

25 

SX80 

SXS80 

8000 

1.0 

25 

11.0 

400 

200 

100 

25 

SX100 

SXS100 

10000 

1.0 

25 

11.0 

400 

200 

100 

25 


* Operation and testing of devices over 10,000 V/inch may require re-encapsulation or immersion in a suitable dielectric material, 
t The stated, AVERAGE RECTIFI ED CURRENT ratings require no heat sinking, special mounting or forced air across the body of the 
device. 

NOTE: Maximum lead temperature for soldering is 250° C 3/8" (9.5mm) from case for 5 seconds. 



-55 0 25 50 75 100 125 150 175 


AMBIENT TEMPERATURE (°C ) 


Reverse recovery test conditions: lp=100mA, lR=200mA, lRR=50mA 


REVERSE RECOVERY WAVE FORM 
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RECTIFIER ASSEMBLIES 

High Voltage Doorbell® Modules, 
Standard and Fast Recovery 


UDA, UDB, UDC, UDD , 
UDE, UDF SERIES 


FEATURES 

• PIV:from2.5kVto 15 kV 

• Stackable to 600 kV 

• Current Ratings: to 7JA 

• Controlled Avalanche Characteristics 

• Only Fused-in-Glass Diodes Used 

• Recovery Time: to 500ns 

• Modular Package For Easy Stacking 


DESCRIPTION 

This series of high-voltage, high-current 
stacks that incorporate a unique modular 
design makes it Ideally suited for high 
power applications such as in radar sys- 
tems as charger, hold-off and clipper 
diodes. 


ABSOLUTE MAXIMUM RATINGS 

Peak Inverse Voltage 

UDA, UDC Series 

UDB, UDD Series 
UDE, UDF Series 

Maximum Average D.C. Output Current . 
Non-Repetitive Sinusoidal Surge (8.3ms) 
Operating and Storage Temperature Range 


5kV to 15 kV 

2.5kVto7.5kV 

2.5 kV to 5kV 

See Electrical Specifications 
See Electrical Specifications 
— 65°C to +150°C 



MECHANICAL SPECIFICATIONS 


UDA, UDB, UDC, UDD, UDE, UDF SERIES 


.63" DIATYP I. 
16.08mm | 


L “ 

I* — 1 9" DIA 


.78" MAX 
19.81mm 


DIA MAX 
48.26mm 


1/4 - 28 X 1/4 
6.53mm 


1. Polarity — Cathode connected to base. 

2. Part Number — On base of unit. 


Typical Weight — 2.1 ounces 
60 grams 



EXTENDER PLATE D 


5" DIA ± .312' 
127mm ± 7.92mm 


.093" ± .005" 
2.36mm ± 0.13mm 


257" ± .005" DIA 
6.53mm ± 0.13mm 


.047" RAD 
1.19mm 


Typical Weight — 2.75 ounces 
78 grams 


y 


UNITRODE 
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UDA, UDB, UDC, UDD, UDE, UDF SERIES 


Electrical Specifications (at 25°C unless noted) Maximum Ratings 


Type 

— 

PIV 

Maximum 

Forward 

Voltage 

Drop 

Maximum 
Leakage 
Current 
@ PIV 

Maximum 

Reverse 

Recovery 

Time 

Maximum Average D.C. 
Current 

Output 

Non-Repetitive 

Sinusoidal 

Surge 

(8.3ms) 

Tc = 100°C 

Maximum 

Reverse 

Transient 

Energy 

Absorption 

Tc = 75°C 
Air 

Tc = 60°C 

Air 

with Extender 
Plate** 

Tc = 50“C 
Oil 


kV 


jtiA 

ns 

Amps 

Amps 

Amps 

Amps 

joules 

Standard UDE-2.5 

2.5 

5V(a3.00A 

10 


te.oo 

7.00 

7.70 

200 

8 

Recovery UDB-2.5 

2.5 

4V @ 1.50A 

5 


3.00 

3.75 

4.25 

100 

4 

UDE-5 

5 

lOV @ 2.20A 

10 


1:4.50 

5.00 

5.50 

200 

14 

UDB-5 

5 

8V @ l.OOA 

5 


2.00 

2.50 

2.75 

100 

8 

UDA-5 

5 

8V @ 0.82A 

2 

— 

1.65 

2.00 

2.20 

30 

1.5 

UDB-7.5 

7.5 

12V @ 0.70A 

5 


1.33 

1.65 

2.00 

100 

12 

UDA 7.5 

7.5 

12V @ 0.60A 

2 


1.25 

1.55 

1.75 

30 

2.5 

U DA-10 

10 

16V @ 0.50A 

2 


1.00 

1.25 

1.40 

30 

3 

U DA-15 

15 

25V @ 0.33A 

2 


0.67 

0.80 

0.90 

30 

5 

Fast UDF-2.5 

2.5 

6V @ 2.20A 

10 


4.50 

5.00 

5.30 

150 

8 

Recovery UDD-2.5 

2.5 

6V @ 1.20A 

5 


2.25 

2.80 

3.30 

80 

4 

UDF-5 

5 

IIV @ 1.60A 

10 


3.30 

4.00 

4.40 

150 

14 

UDD-5 

5 

IIV @ 0.75A 

5 


1.50 

1.85 

2.00 

80 

8 

UDC-5 

5 

lOV @ 0.70A 

2 

500* 

1.20 

1.50 

1.70 

25 

1.5 

UDD-7.5 

7.5 

17V @ 0.50A 

5 

350t 

1.00 

1.25 

1.50 

80 

12 

U DC-7.5 

7.5 

15V @ 0.50A 

2 


0.90 

1.10 

1.25 

25 

2.5 

U DC-10 

10 

20V @ 0.37A 

2 


0.75 

0.90 

1.00 

25 

3 

U DC-15 

iJ^ 

30V @ 0.25A 

2 


0.50 

0.60 

0.70 

25 

5 


^Measured in a reverse recovery circuit switching from l.OA forward to l.OA reverse current recovering to 0.5A. 
tMeasured in a reverse recovery circuit switching from 0.5A forward to l.OA reverse current recovering to 0.25A. 

**These ratings are based on using “extender plates” that provide additional surface area to radiate heat. Because of possible corona effects 
caused by scratches on these plates, extreme care is necessary in their handling and they are not recommended where the working voltage 
exceeds 7.5KV/module. They should be carefully polished prior to installation. 

tThese ratings are based on = lOO'C • 


Forward Pulse Current vs. Pulse Duration 


Square Pulse Current vs 
Duration for Non-Repetitive Pulse 
(8.3 ms sine wave 
equivalent 
to 3 ms 
square wave) 



.1/uS 1/iS 10/^S 100//S ImS lOmS 

PULSE DURATION (SECONDS) 



.1a<S 1/uS IOmS 100/uS ImS lOmS 

PULSE DURATION (SECONDS) 
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RECTIFIER ASSEMBLIES 

High Voltage Stacks, 

Standard and Fast Recovery 


UFB, UFS, USB, USS SERIES 


FEATURES 

• Controlled Avalanche Characteristics 

• Only Fused-in-Glass Diodes Used 

• High Forward and Reverse Surge Capability 

• Transfer Molded for Voidless Construction 

• Modular for Easy Stacking 

• PIV:from2.5kVto 15 kV 

• Recovery Times: to 500ns 

• Continuous Ratings: to 2.3A 


DESCRIPTION 

These assemblies uniquely combine a 
versatile stackable design with all the 
requirements for reliable high voltage 
operation. All modules are suitable for 
bridge or series operations. 


7 


ABSOLUTE MAXIMUM RATINGS 

Peak Inverse Voltage, USS Series . 

Peak Inverse Voltage, USB Series 

Peak Inverse Voltage, UFS Series 

Peak Inverse Voltage, UFB Series 

Maximum Average D.C. Output Current 
Non-Repetitive Sinusoidal Surge (8.3ms) 
Operating and Storage Temperature Range 


5.0 kV to 15kV 

2.5kV to lOkV 

S.OkV to lOkV 

2.5 kV to 7.5 kV 

See Electrical Specifications 
See Electrical Specifications 
— 65°C to +150°C 


MECHANICAL SPECIFICATIONS 




UFB, UFS, USB, USS SERIES 


Electrical Specifications (at 25°C unless noted) 

Maximum Ratings 








Maximum 








Maximum 

Average 







Maximum 

Reverse 

D.C. Output 

Non-Repetitive 




Maximum 

Leakage 

Reverse 

Transient 

Current 

Sinusoidal 




Forward 

Current 

Recovery 

Energy 

T^ = 25»C 

= 50X 

Surge 


Type 

PIV 

Voltage Drop 

@ PIV 

Time 

Absorp .ion 

AIR 

OIL 

(8.3ms) 



kv 


(lA 

ns 

joules 

Amps 

Amps 

Amps 

Standard 

USS 5 

5.0 

9V @ 0.6A 



1.5 

0.60 

1.1 


Recovery 

USS 7.5 

7.5 

13V @ 0.5A 

c 


2.5 

0.45 

0.91 

25 


USS 10 

10 

17V @ 0.3A 



3.0 

0.35 

0.71 


USS 15 

15 

25V @ 0.2A 



5.0 

0.25 

0.51 


Standard 

USB 2.5 

2.5 

5V @ I.IA 



3.0 

1.1 

2.3 


Recovery 

USB 5 

USB 7.5 

5.0 

7.5 

9V @ 0.7A 
13V @ 0.5A 

10 

- 

6.0 

9.0 

0.68 

0.53 

1.5 

1.2 

80 


USB 10 

10 

17V @ 0.4A 



12 

0.43 

1.0 


Fast 

UFS 5 

5.0 

12V @ 0.5A 


500* 

350t 

1.5 

0.50 

0.90 


Recovery 

UFS 7.5 

7.5 

18V @ 0.4A 

5 

2.5 

0.38 

0.75 

20 


UFS 10 

10 

23V @ 0.3A 


3.0 

0.30 

0.58 


Fast 

UFB 2.5 

2.5 

6V @ 0.9A 


500* 

350t 

3.0 

0.90 

2.0 


Recovery 

UFB 5 

5.0 

12V @ 0.6A 

10 

6.0 

0.58 

1.3 

70 


UFB 7.5 

7.5 

18V @ 0.4A 


9.0 

0.45 

1.0 



*Measured in a reverse recovery circuit switching from lA forward to lA reverse current recovering to 0.5A. 
tMeasured in a reverse recovery circuit switching from .5A foward current to lA reverse current, recovery to .25A. 


Output Current Ratio 
vs. Velocity of Air Flow 



0 100 200 300 400 500 600 

V — VELOCITY OF AIR (LFM) 



^ 20 40 60 80 100 120 140 160 180 


Output Current 



20 40 60 80 100 120 140 160 180 


TEMPERATURE (°C) 


TEMPERATURE (“C) 


Application example-. The rectifier is to be used in a cabinet at 60°C with ambient 
air moving at 400 LFM. The rating is reduced (Fig. 2) by a factor of 0.81 due to the 
elevated temperature, but it is enhanced by 2X (Fig. 1) due to the air flow. Hence 
the DC output current is 0.81 x 2, or 1.6 times the 25'’C air rating. 



.l/iS 1/^s 10/(S lOOiUS 1ms 10ms 

DURATION 



1 2 5 10 20 50 100 200 500 1000 

CYCLES OF 60Hz SINEWAVE 
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RECTIFIER ASSEMBLIES 

High Voltage Doorbell® Modules 
Standard and Fast Recovery 


UGB, UGD, UGE, UGF SERIES 


FEATURES 

• Current Ratings: to lOA 

• PIV;2.5kV tolOkV 

• Recovery Times: to 500ns 

• Only Fused-in-Glass Diodes Used 

• Controlled Avalanche Characteristics 

• Stackable to 600KV 

• Modular Package for Easy Stacking 


DESCRIPTION 

This series of high-voltage, high-current 
stacks that incorporate a unique modular 
design makes it particularly well-suited for 
high power applications such as in radar 
systems as charge, hold-off and clipper 
diodes. 


ABSOLUTE MAXIMUM RATINGS 

Peak Inverse Voltage 

UGB, UGD Series . 
UGS, UGF Series 

Maximum Average D.C. Output Current . .. 
Non-repetitive Sinusoidal Surge (8.3ms) 
Operating and Storage Temperature Range 


5kVto lOkV 

2.5kVto 7.5 kV 

See Electrical Specifications 
See Electrical Specifications 
-65°C to -f 150°C 


MECHANICAL SPECIFICATIONS 




3.487" DIA MAX 

UGB, UGD, UGE, UGF SERIES 

.316" MAX 
8.03mm 
i 

.997" DIA 
^ MAX j 
25.3mm'* 

Va" — 24mm 




A 

1.020" MAX 

25.42mm 

r 




c 


i 


1.030" DIA 
^ MAX ^ 
25.5mm 

Polarity — Cathode connected to base. 

Part Number — On base of unit. 

Typical Weight — 7.0 ounces 
200 grams 


EXTENDER PLATE G 


8" DIA 
203.20mm 


.125" ± .010 
3.18mm ± 0.25mm 


.380" DIA ± .005 
9.65mm ± 0.13mm 


.062" RAD 
1.57 mm 


Typical Weight — 9.25 ounces 
265 grams 


Doorbell® is a registered trademark of Unitrode Corporation 
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UGB, UGD, UGE, UGF SERIES 


Electrical Specifications (at 25°C unless noted) 

Maximum Ratings 

Type 



PIV 

Maximum 

Forward 

Voltage 

Drop 

Maximum 
Leakage 
Current 
@ PIV 

Maximum 

Reverse 

Recovery 

Time 

Maximum Average D.C. Output 
Current 

Non-repetitive 

Sinusoidal 

Surge 

(8.3ms) 

Maximum 

Reverse 

Transient 

Energy 

Absorption 

Tc = 75“C 
Air 

Tc = 60“C 

Air 

with Extender 
Plate** 

Tc = 50“C 
Oil 

Tc = lOOX 



kV 


HA 

ns 

Amps 

Amps 

Amps 

Amps 

joules 

Standard 

UGE-2.5 

2.5 

5V @ 3.30A 

10 


6.60 

8.25 

10.00 

200 

8 

Recovery 

UGE-5 

5 

10V@2.50A 

15 


5.00 

6.25 

7.50 

200 

14 


UGB-5 

5 

9V @ 2.20A 

5 

— 

4.40 

5.50 

6.60 

100 

7 


UGE-7.5 

7.5 

13V(®1.60A 

10 


3.30 

4.10 

5.00 

200 

20 


UGB-7.5 

7.5 

13V(ai.50A 

5 


3.00 

3.75 

5.00 

100 

10 


UGB-10 

10 

17V@1.10A 

5 


2.30 

2.85 

3.50 

100 

14 

Fast 

UGF-2.5 

2.5 

6V@2.50A 

10 


5.00 

6.25 

8.00 

150 

8 

Recovery 

UGF-5 

5 

llV(ai.80A 

10 


3.75 

4.70 

6.00 

150 

14 


UGD-5 

5 

IIV @ 1.60A 

5 

500* 

3.30 

4.10 

4.80 

80 

7 


UGF-7.5 

7.5 

17V(®1.20A 

10 

350t 

2.50 

3.10 

4.00 

150 

20 


UGD-7.5 

7.5 

17V(ai.lOA 

5 


2.25 

2.80 

3.50 

80 

10 


UGD-10 

10 

22V @ 0.85A 

5 


1.75 

2.20 

2.50 

80 

14 


^Measured in a reverse recovery circuit switching from l.OA forward to l.OA reverse current recovering to 0.5A. 
fMeasured in a reverse recovery circuit switching from 0.5A forward to l.OA reverse current recovering to 0.25A. 


**These ratings are based on using “extender plates” that provide additional surface area to radiate heat. Because of possible corona effects 
caused by scratches on these plates, extreme care is necessary in their handling and they are not recommended where the working voltage 
exceeds 7. 5KV/ module. They should be carefully polished prior to installation. 
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FORWARD CURRENT (mA) FORWARD CURRENT (mA) 



CYCLES AT 60 Hz 


Typical Forward Voltage 
vs. Forward Current 



0 .25 .5 .75 1 1,25 1.5 

FORWARD VOLTAGE — MULTIPLY Vp BY: 


Typical Forward Voltage 
vs. Forward Current 






MULTIPLE 75°C CASE RATING 


UGB, UGD, UGE, UGF SERIES 


Output Current Ratio 
vs. Velocity of Air Flow 



0 100 200 300 400 500 600 


V — VELOCITY OF AIR (LFM) 


Current Derating Curve 



0 1 1 ^ ^ 1 ^ 1 1 1 

0 50 100 150 200 


AMBIENT TEMPERATURE (“C) 


Current Derating Curve 
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CASE TEMPERATURE (“C) 
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Current Derating Curve 



CASE TEMPERATURE (“C) 
Oil Immersed 
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RECTIFIER ASSEMBLIES 

High Voltage Stacks, .125 Amp to lAmp, 
Standard and Fast Recovery 


US12-US200A 

USR12-USR180A 


FEATURES 

• Controlled Avalanche Characteristics 

• Recovery Times: to 500ns 

• Transfer Molded for Voidless Encapsulation 

• High Forward and Reverse Surge Capability 

• PIV:from 1200 to 20,000V 

• Only Fused-in-Glass Diodes Used 


DESCRIPTION 

This series of High Voltage, Medium 
Current Stacks are assembled from 
hermetically sealed, controlled avalanche 
individual diodes. Therefore, they offer 
the ultimate in reliability for such appli- 
cations as clipper diodes, back swing 
diodes and hold-off diodes in pulse 
modulators. 


ABSOLUTE MAXIMUM RATINGS 

Peak Inverse Voltage 1200 to20i000V 

Maximum Average D.C. Output Current See Electrical Specifications 

Non-Repetitive Sinusoidal Surge (8.3ms) 20A 

Operating and Storage Temperature Range — 65°C to +150°C 


Output Current Ratio vs 
Velocity of Air Flow 



0 100 200 300 400 500 600 

V- VELOCITY OFAIR(LFM) 


Output Current vs 
Ambient (Air) Temperature 






















\ 

vJ 




















^ 20 40 60 80 100 120 140 160 180 

AMBIENT (AIR) TEMPERATURE rO 



^ 20 40 60 80 100 120 140 160 180 

AMBIENT (OIL) TEMPERATURE (»C) 
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US12-US200A USR12-USR180A 


Electrical Specifications (at 25°C unless noted) 

Maximum Ratings 

Max. Avg. D.C. 

Output Current 

Type 

PIV 

Maximum Leakage 
Current at PIV 

Maximum Forward 
Voltage Drop 

Maximum Reverse 
Recovery 

Timet 

Body 

Size 

T^ = 25"C 
(Air) 

T^ = 50°C 
(Oil) 

T^ = 25°C 

T^ = 100“C 


V 

/^A 

mA 


ns 


mA 

mA 

Standard Recovery 

US 12 

1200 

2 

100 

2.0V @ 400mA 


SA 

1000 

2500 

US 15 

1500 

2 

100 

3.0V @ 400mA 


SA 

800 

2000 

US 18 

1800 

2 

100 

3.0V @ 400mA 


SA 

700 

1750 

US 20 

2000 

2 

100 

4.0V @ 400mA 


SA 

600 

1500 

US 25 

2500 

2 

100 

5.0V @ 400mA 


SB 

600 

1500 

US 30 

3000 

2 

100 

6.0V @ 400mA 


SB 

500 

1250 

US 35 

3500 

2 

100 

7.0V @ 200mA 


SC 

400 

1000 

US 40 

4000 

2 

100 

7.0V @ 200mA 


SC 

350 

850 

US45A 

4500 

2 

100 

8.0V @ 200mA 


SD 

330 

750 

US50A 

5000 

2 

100 

9.0V @ 200mA 


SD 

330 

750 

US60A 

6000 

2 

100 

lO.OV @ 200mA 


SD 

300 

620 

US70A 

7000 

2 

100 

12.0V @ 200mA 


SD 

300 

620 

US80A 

8000 

2 

100 

14.0V @ 100mA 


SE 

250 

500 

US lOOA 

10000 

2 

100 

17.0V @ 100mA 

— 

SE 

250 

500 

US 120A 

12000 

2 

100 

21.0V @ 100mA 


SE 

200 

400 

US 150A 

15000 

2 

100 

26.0V @ 100mA 


SF 

200 

400 

US 180A 

18000 

2 

100 

31.0V @ 100mA 

— 

SF 

180 

360 

US 200A 

20000 

2 

100 

34.0V @ 100mA 


SF 

180 

360 

Fast Recovery 

USR 12 

1200 

— 

5 

150 

3.3V (S 400mA 

500 

SA 

750 

1850 

USR 15 

1500 

5 

150 

4.0V (S 400mA 

500 

SA 

600 

1500 

USR 20 

2000 

5 

150 

5.5V @ 400mA 

500 

SB 

500 

1250 

USR 25 

2500 

5 

150 

6.6V @ 400mA 

500 

SB 

400 

1000 

USR 30 

3000 

5 

150 

7.7V (a 400mA 

500 

SC 

400 

1000 

USR 35 

3500 

5 

150 

8.8V (S 200mA 

500 

SC 

350 

850 

USR 40A 

4000 

5 

150 

9.9V @ 200mA 

500 

SD 

300 

750 

USR 45A 

4500 

5 

150 

ll.OV @ 100mA 

500 

SD 

250 

625 

USR 50A 

5000 

5 

150 

13.0V @ 100mA 

500 

SD 

250 

625 

USR 60A 

6000 

5 

150 

15.4V @ 100mA 

500 

SD 

220 

500 

USR 70A 

7000 

5 

150 

17.6V @ 100mA 

500 

SE 

220 

500 

USR 80A 

8000 

5 

150 

20.0V @ 100mA 

500 

SE 

200 

400 

USR lOOA 

10000 

5 

150 

24.0V @ 100mA 

500 

SE 

200 

400 

USR 120A 

12000 

5 

150 

31.0V @ 100mA 

500 

SF 

150 

300 

USR 150A 

15000 

5 

150 

33.0V @ 100mA 

500 

SF 

150 

300 

USR 180A 

18000 

5 

150 

35.0V @ 100mA 

500 

SF 

125 

250 


t Measured in a reverse recovery circuit switching from 10mA forward to 10mA reverse current recovering to 5mA. 


Reverse Recovery Circuit 
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US12-US200A USR12-USR180A 


Typical Forward Current 
vs. Forward Voltage 



0 .2 .4 .6 .8 1.0 1.2 1.4 

FORWARD VOLTAGE — MULTIPLY Vp BY: 


Typical Forward Current 
vs. Forward Voltage 



FORWARD VOLTAGE — MULTIPLY Vp BY: 



120 no 100 90 80 70 60 50 40 30 20 10 0 

% OF P.I.V. 



0.1/xs l/zs 10/us IOOmS 1ms 10ms 


DURATION 


g Multiple Forward Surge Rating 
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US12-US200A USR12-USR180A 


MECHANICAL SPECIFICATIONS 
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8-1 



8-2 



i 


AVERAGE D.C. OUTPUT CURRENT 


L2kV 


673-7 

GH 

L8kV 


673-75 

HJ 

2;4kV 


673-8 

HK 

2.5kV 



S.DkV 


673-85 

HL 

3.6kV 

673-9 

HM 


4.0kV 



4.2k¥ 

673-10 

HN 


4.SW 

673-11 

HO 


5.0kV 

673-12 

HO 


7.6kV 



lOkV 



15kV 




.75-1. 5A 

1.5-2.5A 

4- IDA 

10-2 

673-1 

G or S 

697-1 

GA 

680-1 

NA 

679- 

NB 

SPA2' 

MC 

673-2 

G or S 

697-2 ! 

GA 

680-2 

NA 

469-1** 

MD 

679-: 

NB 

SPB2{ 

MC 

673-3 

GorS 

697-3 

GA 

680-3 

NA 

679-: 

NB 

673-4 

G or S 

697-4 

GA 

680-4 

NA 

469-2** 

MD 

679-^ 

NB 

SPC2{ 

MC 

673-5 

G or S 

697-5 

GA 

680-5 

NA 

679-! 

NB 

673-6 

G or S 

697-6 

GA 

680-6 

NA 

469-3** 

MD 

679-( 

NB 

SPD2' 

MC 


*Availableas JAN 
**Availableas JAN, JANTX 

Parentheses ( ) designates product using stacked chips 
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PRODUCT SELECTION GUIDE 


Three Phase Full- Wave Bridge 



Peak 

Inverse 

Voltage 

Per Leg 

AVERAGE OX. OUTPUT CURRENT 

I-3A 

4.5~15A 

15~25A 

50V 





lOOV 

700-1 

F 

695-1 

NC 

678-1 

NC 


I25V 





150V 





200V , 

700-2 

F 

695-2 

NC 

678-2 

NC 

483-1* 

ME 

300V 

700-3 

F 

695-3 

NC 

678-3 

NC 


400V 

700-4 

F 

695-4 

NC 

678-4 

NC 

483-2* 

ME 

500V 

700-5 

F 

695-5 

NC 

678-5 

NC 


600V ; 

700-6 

F 

695-6 

NC 

678-6 

NC 

483-3* 

ME 

2.5kV 





5.0kV 





7.5kV 





iOkV 






*Available as JANTX 

Parentheses ( ) designates product using stacked chips 



FAST RECOVERY 


Peak 

Inverse 

Voltage 

Per Leg 

AVERAGE OX. OUTPUT CURRENT 

1-3A 

4.5- 15A ^ 

15-25A 

25-40A 

50V 




801-1 

ME 

800-1 

ME 

10C)V 

701-1 

F 

696-1 

NC 

682-1 

NC 

801-2 

ME 

800-2 

ME 

125V 




801-3 

ME 

800-3 

ME 

150V 




801-4 

ME 

800-4 

ME 

200V 

701-2 

F 

696-2 

NC 

682-2 

NC 



300V 

701-3 

F 

696-3 

NC 

682-3 

NC 



400V 

701-4 

F 

696-4 

NC 

682-4 

NC 



500V ^ 

701-5 

F 1 

696-5 

NC 

682-5 

NC 



600V i 

701-6 

F 

696-6 

NC 

682-6 

NC 



2.5kV 






3XkV 






4.0kV ! 






5XkV 






Reverse 
Recovery 
Time (max.) 

500ns 

500ns 

500ns 

50ns 

50ns 


Parentheses ( ) designates product using stacked chips 
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RECTIFIER BRIDGES 

Doublers and Center-Tap Rectifiers 


FeaN 

Voltage 

Per 

' '' SCHOTTKY ^ 

' ! STANDARD RECOVERY 

V ^^^.,y:.;^:‘AV£^aE'D.c: oOtPUT CURRENT / 

12A 

:16A 

r60A:; J 

' ' lOOA ' r ’" 

zmkj 

;; 0-2A', , 

2-*15A 

20V 

USD620C 

TO-220AB 

USD720C 

TO-220AB 

USD320C 

TO-3 





SB'? 

USD635C 

TO-220AB 

USD735C 

TO-220AB 

USD335C 

TO-3 





46v 

' ' / 

USD640C 

TO-220AB 

USD740C 

TO-220AB 

USD345C 

SD241 

TO-3 

USM140C 

M-1 

USM20040C 

M-2 



45V 

USD645C 

TO-220AB 

USD745C 

TO-220AB 


USM145C 

M-1 

USIVI20045C 

M-2 



50V 




USM150C 

M-1 

USM20050C 

M-2 



ippv^ 







68M 

ND 

125V 








150V 








200V 







681-2 

ND 

300V 







681-3 

ND 

400V 







681-4 

ND 

500V 







681-5 

ND 

600V 







681-6 

ND 
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RECTIFIER BRIDGES 

Doublers and Center-Tap Rectifiers 



Peak 
Inverse 
Voltage 
Per Leg 

FAST RECOVERS 

SUPER FAST RECOVERy 

UlTRA-FASTRECOVERV 

AVERAGE 0.0. OUiniT CURRENT 

■ 1-2A'' ■ 

2--15A 

16A 

25A 

16A 

20A 

30A 

20V 








35V 








40V 








45V 











SES5401C* 

TO-220AB 

SES5601C* 

TO-3 

UES2401* 

TO-220AB 

804-1 

MF 

UES2601 

TO-3 

lOOV 


689-1 

ND 

SES5402C* 

TO-220AB 

SES5602C* 

TO-3 

UES2402* 

TO-220AB 

804-2 

MF 

UES2602 

TO-3 







804-3 

MF 


150V 



SES5403C* 

TO-220AB 

SES5603C* 

TO-3 

UES2403* 

TO-220AB 

804-4 

MF 

UES2603 

TO-3 

200V 


689-2 

ND 

SES5404C* 

TO-220AB 


UES2404* 

TO-220AB 


UES2604 

TO-3 

300V 


689-3 

ND 





UES2605 

TO-3 

400V 


689-4 

ND 





UES2606 

TO-3 

500V 


689-5 

ND 






600V 


689-6 

ND 






Reverse 
Recovery 
-Time 
(mak) 3 

.... 

.500ns 

lOOns 

100ns 

.... 35n$.'.;;'\ 

.'iv' 50ns 

. 3L5-50ns - 


*Center-tap only Parentheses ( ) designates product using stacked chips 
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RECTIFIER ASSEMBLIES 

Single Phase Bridges, 10 Amp, 
Military Approved 


JAN &JANTX 469-1 
JAN & JANTX 469-2 
JAN & JANTX 469-3 


FEATURES 

• Qualified to MIL-S-19500/469 

• Current Rating: to lOA 

• PIV: from 200 to 600V 

• Surge Ratings: to lOOA 

• Only Fused-in-Glass Diodes Used 

• Controlled Avalanche Characteristics 

• Aluminum Heat Sink Case, Electrically Insulated 


DESCRIPTION 

This series of military high-current 
single-phase bridge offer the utmost in 
reliability as required in military system 
designs. The TX series is assembled 
with diodes which have been subjected 
to 100% screening tests. 


ABSOLUTE MAXIMUM RATINGS 

Peak Inverse Voltage 200 to 600V 

Maximum Average D.C. Output Current 

@ Tc = -f 55°C lOA 

@ Tc = -f 100°C 6A 

Non-Repetitive Sinusoidal Surge (8.3ms) 

@ Tc = +55°C lOOA 

Operating and Storage Temperature Range — 65°C to +150°C 

Thermal Resistance Junction to Ambient 25°C/W 

Junction to Case 5°C/W 


Dimensions | 

Ltr 

INCHES 

MILLIMETERS 

MIN. 

MAX. 

MIN. 

MAX. 

Cl 

.367 

.375 

9.32 

9.53 

C 2 

.350 

.450 

8.89 

11.43 

C3 

.175 

.225 

4.45 

5.72 

^Di 

.139 

.149 

3.53 

3.78 

0 D 2 

.091 

.101 

2.31 

2.57 

0 D 3 

.066 

.076 

1.68 

1.93 

Hi 


.570 


14.48 

H2 


.370 


9.40 

Li 

.088 

.098 

2.24 

2.49 

L 2 

.020 

.030 

.51 

.76 

W 

.735 

.750 

18.67 

19.05 


MECHANICAL SPECIFICATIONS 




NOTES; 

1. Metric equivalents (to the nearest .01 mm) are given for general information only and are based upon 1 inch = 25.4 mm. 

2. Terminals shall be tinned. 

3. Polarity shall be marked on the bridge body adjacent to terminals. Terminal numbers are for reference and do not have to be marked on 
the bridge; however, terminal (1) shall be indicated by a mechanical index such as a line, flattened corner, etc., visible from the top (ter- 
minal surface) of the device. 

4. Point at which T^ is read shall be in metal part of a case as shown on drawing. 
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JAN & JANTX 469-1 JAN & JANTX 469-2 JAN & JANTX 469-3 


Electrical Specification (at 25^C unless noted) 


Type 

PIV 

Per 

Leg 

Minimum 

Reverse 

Breakdown 

Voltage 

Per Leg 
@ 50 „ A 

Maximum 

Forward 

Voltage Drop 

Per Leg* 

Maximum 

Reverse 

Recovery 

Timet 

Maximum 

Leakage 

Current 

Per Leg @ PIV 

Tp = 25X 

T^ = 100°C 

Volts 

Volts 


aS 

«A 

/iA 

JAN & JANTX 469-1 

200 

240 





JAN & JANTX 469-2 

400 

460 

1.35V @ 15.7A{pl<) 

2 

2 

125 

JAN & JANTX 469-3 

600 

660 






'Maximum forward voltage drop is measured at a pulse width of 8.3ms. 

tMeasured in a reverse-recovery circuit switching from 0.5A forward to l.OA reverse current recovering to 0.25A. 


Typical Forward Voltage Per Leg 
vs. Forward Current 



FORWARD VOLTAGE (V) 



125 100 75 50 25 

% OF PIV 


Current Derating Curve 



0 50 100 150 175 

CASE TEMPERATURE (°C) 


Production 

Process 

(Discrete 

diodes 

processing) 


Inspection Lots 
Formed after Final 
Assembly Operation 


Lots Proposed 
for JAN 
Types 
(Non-TX) 


Inspection Tests 
to verify LTPD 
Group A 
Group B 
Group C 


Review of 
Groups A, B, 
and C Data 
for accept 
or reject 


Preparation 

for 

Delivery 

JAN 




100 Percent Process Conditioning 

1. High temperature storage 

2. Thermal shock 

3. Acceleration 

4. Hermetic seal tests 


100 Percent Power Conditioning 

1. Measurement of specified parameters 

2. Burn-in 

3. Measurement of specified parameters 

to determine delta and other rejects 

4. Scope display evaluation 

5. Lot rejection criteria based on rejects 

from burn-in test 


Reverse-Recovery Circuit 


50 ;.> 10 



NOTES: 

1. Oscilloscope: Rise time •" 3ns; input impedance = 50LL 

2. Pulse Generator; Rise time r 8ns, ■ source impedance lOQ. 

3. Current viewing resistor, non-inductive, coaxial recommended. 
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RECTIFIER ASSEMBLIES 

Three Phase Bridges, 25 Amp, 
Military Approved 


JANTX 483-1 
JANTX 483-2 
JANTX 483-3 


FEATURES 

• Qualified to MIL-S-19500/483 

• Current Rating: 25A 

• PIV: from 200 to 600V 

• Surge Ratings: 150A 

• Only Fused-in-Glass Diodes Used 

• Controlled Avalanche Characteristics 

• Aluminum Heat Sink Case, Electrically Insulated 


DESCRIPTION 

This military high-current three phase 
bridge series is assembled with diodes 
which have been subjected to TX type 
screening tests. This series of bridges of- 
fers the utmost in high reliability as nor- 
mally required in military system design. 


ABSOLUTE MAXIMUM RATINGS 

Peak Inverse Voltage 

Maximum Average D.C. Output Current 

@ Tc = 55°C 

@ Tc = 100°C 

Non-Repetitive Sinusoidal Surge (8.3ms) 

@Tc = 55°C 

Operating and Storage Temperature Range 
Thermal Resistance Junction to Ambient 
Junction to Case 


200 to 600V 

25A 

18.5A 

150A 

-65°C to +150°C 

20°C/W 

2.5°C/W 


DIMENSIONS 1 

LTR 

INCH 

MILLIMETERS 

MIN 

MAX 

MIN 

MAX 

A 

.730 

.770 

18.54 

19.56 

B 

.355 

.395 

9.02 

10.03 

C 

.355 

.395 

9.02 

10.03 

D, 

.141 

.151 

3.58 

3.84 

Dz 

.108 

.118 

2.74 

3.00 

E 

.355 

.395 

9.02 

10.03 

F 

.230 

.270 

5.84 

6.86 

G 

.149 

.189 

3.78 

4.80 

H 

.355 

.395 

9.02 

10.03 

J 


.82 


20.83 


.39 

.51 

9.91 

12.95 

L, 

.240 

.320 

6.10 

8.13 

Lj 

.015 

.030 

.38 

.76 

Lj 

.100 

.125 

2.54 

3.18 

M 



ro2“ 

1.52 

N 

.72 

.78 

18.29 

19.81 

0 

1.84 

1.90 

46.74 

48.26 

P 

2.22 

2.28 

56.39 

57.91 

R 

.09 

.15 

2.29 

3.81 

S 

.168 

.208 

4.27 

5.28 

T 

1.47 

1.53 

37.34 

38.86 


MECHANICAL SPECIFICATIONS 


See Table Above 


JANTX 483-1 JANTX 483-2 JANTX 483-3 



Typical Weight — 1.0 ounces 
30 grams 



NOTES: 

1. Terminals shall be tinned. 

2. Polarity shall be marked as shown on drawing. 

3. Point at which T^ is read (shall be in metal part of case). 
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FORWARD CURRENT (A) 


JANTX 483-1 JANTX 483-2 JANTX 483-3 


ELECTRICAL SPECIFICATIONS (at 25°C unless noted) 


Type 

PIV 

Per 

Leg 

Breakdown 

Voltage 

Per Leg 
@ 50;xA 

Maximum 

Forward 

Voltage Drop 

Per Leg* 

Maximum 

Leakage 

Current 

Per Leg @ PIV 

Tc = 25°C 

Tc = lOOX 

Volts 

Volts 



/|A 

JANTX 483-1 

200 

240 




JANTX 483-2 

400 

480 

1.3V @ 39A (pk) 

2 

200 

JANTX 483-3 

600 

660 





* Maximum forward voltage drop is measured at a pulse width of 8.3ms, duty cycle <2%. 


Typical Forward Voltage Per Leg 
vs. Forward Current 



0 .2 .4 .6 .8 1 1.2 1.4 

FORWARD VOLTAGE (V) 



125 100 75 50 25 0 

% OF PIV 


Current Derating Curve 
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RECTIFIER ASSEMBLIES 

Single Phase Bridges, L5Amp, 
Standard and Fast Recovery 


673,676 SERIES 


FEATURES 

• Miniature Package 

• Surge Ratings: to 25A 

• PIV’s: from 100 to 600V 

• Recovery Times: to 500ns 

• Controlled Avalanche Characteristics 

• Only Fused-in-Glass Diodes Used 


DESCRIPTION 

These miniature transfer-molded single- 
phase power bridges are designed for 
universal application in power supplies. 
One basic bridge assembly comes in a 
choice of lead configurations for mounting 
in wired chassis or on printed boards. 


ABSOLUTE MAXIMUM RATINGS 

Peak Inverse Voltage 

Maximum Average D.C. Output Current ... 
Non-Repetitive Sinusoidal Surge (8.3mS) 
Operating and Storage Temperature Range 
Thermal Resistance Junction to Ambient 


100 to 600V 

See Electrical Specifications 

See Electrical Specifications 

— 65°C to -f ISO^C 

50°C/W 


MECHANICAL SPECIFICATIONS 


.028" Dia. 


0.71mm 

1.25" Min. long 
31.8mm 



+ 

AC 

0.32"Max. 



8.13mm 




AC 

— 


Tinned Copper 
Lead 


.125" ±.030 
3.18mm ±.7( 


0.32" Max. 
8.13mm 


673,676 SERIES 


0.15" Max. 
3.81mm 


Typical Weight G: 0.05 ounces 
1.4 grams 



673, 676 SERIES 


440" Max. .187" Max. 

11 17mm 4.75mm 


■~T 

440" Max. 
11 17mm 



1 


.100" Typ._J 
2.54mm 


.028" Dia. 0.50" long 
«- 0.71mm 12 7mm 

Tinned Copper Lead 


When specifying S body, add suffix S i.e., 673-lS 


Typical Weight S; 0.11 ounces 
3.1 grams 



MARKING 


Alternating Current input 

A.C. 

Cathode Positive Output 

+ 

Anode — Negative 

— 


Part number is printed on the body. 



UNITRODE 
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673,676 SERIES 


Electrical Specifications (at 25°C unless noted) 

Maximum Ratings 

Type 

PIV 

Per 

Leg 

Maximum 

Forward 

Drop 

Per Leg 

Leakage 

Current 

Per Leg 

Maximum 

Reverse 

Recovery 

Timet 

Maximum 

Average 

D.C. Output 
Current 

T^ = 25X 

Non-Repetitive 

Sinusoidal 

Surge 

(8.3mS) 

T^ = 25°C 

T^ = lOOX 

Volts 


aA 

fiA 

ns 

Amps 

Amps 

Standard 673-1 

100 







Recovery 673-2 

200 







673-3 

300 

I.IV @ l.OA 

2 

100 

— 

1.5 

25 

673-4 

400 







673-5 

500 







673-6 

600 







Fast 676-1 

100 







Recovery 676-2 

200 







676-3 

300 

I.IV @ 0.5A 

3 

150 

500 

1.0 

20 

676-4 

400 







676-5 

500 







676-6 

600 








t Measured in a reverse recovery circuit switching from 10mA forward to 10mA reverse current recovering to 5mA. 


Typical Forward Voltage Per Leg 
vs. Forward Current 



0 .2 .4 .6 8 112 1.4 

FORWARD VOLTAGE (V) 



150 100 50 0 

% OF PIV 



150 100 50 0 

% OF PIV 



Current Derating Curve 











'N 









'N 


cor 

vIVECT 

ON 





N. 

COOLED 




















' 
















, 













{ 



0 50 100 150 

AMBIENT TEMPERATURE (°C) 
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RECTIFIER ASSEMBLIES 

Single Phase Bridges, High Voltage 
0.125-0.6 Amp, Standard and Fast Recovery 


673, 676 SERIES 

(1 200-5000 V) 


FEATURES 

• Miniature High Voltage Bridges 

• Continuous Ratings: to 0.6A 

• Surge Ratings: to 15A 

• PIV’s: from 1200 to 5000V 

• Recovery Times: to 500ns 

• Controlled Avalanche Characteristics 

• Only Fused in Glass Diodes Used 


DESCRIPTION 

These miniature molded high-voltage single 
phase bridges are designed for universal 
application in power supplies. The minia- 
ture package is shatterproof and is capable 
of handling extremes in temperature, vibra- 
tion and shock. These bridges, therefore 
are ideally suited for miniaturized, tightly 
packaged equipment operating in extreme 
environments. 


ABSOLUTE MAXIMUM RATINGS 

Peak Inverse Voltage 

Maximum Average D.C. Output Current . . 
Non-repetitive Sinusoidal Surge {8.3ms) .. 
Operating and Storage Temperature Range 
Thermal Resistance Junction-to-Ambient . . 


1200 to 5000V 

See Electrical Specifications 
See Electrical Specifications 

-65°C to -f 150°C 

50°C/W 


MECHANICAL SPECIFICATIONS 




673, 676 SERIES 


.032 DIA. TINNED 
COPPER LEADS 


.300" ± .030 
7.62mm ± .76 



.437" MAX. 
11.10mm 


J L_.300" 
^ l^.62mr 


MAX. LENGTHS 


J 

K 

L 

M 

N 

0 

P 

.562" 

14.27mm 

.688" 

17.48mm 

.875" 

22.23mm 

1.125" 

28.58mm 

1.25" 

31.75mm 

1.375" 

34.92mm 

1.625" 

41.28mm 



MARKING 


Alternating Current input 

A.C. 

Cathode — Positive Output 

+ 

Anode — Negative Output 

— 


Part number is printed on the body. 



UNITRODE 
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673, 676 SERIES 


Type 

Electrical Specifications at 25°C 

Maximum Ratings 

PIV 

Per 

Leg 

Maximum 
Forward 
Voltage Drop 
Per Leg 

Leakage 

Current 

Per Leg @ PIV 

Maximum 

Reverse 

Recovery 

Time* 

Body 

Size 

Maximum 

Average 

D.C. Output 
Current 

Non-repetitive 

Sinusoidal 

Surge 

(8.3ms) 

T^ = 25X 
Air 

T^ = 50°C 
Oil 

T^ = 25X 

T^ = 100°C 

Volts 


aA 

aA 

ns 


Amps 

Amps 

Amps 

Standard 673-7 

1200 

2.2V @ 0.4A 




H 

0.6 

1.5 


Recovery 673-75 

1800 

3.3V @ 0.4A 




J 

0.5 

1.25 


673-8 

2400 

4.4V @ 0.4A 




K 

0.4 

1.0 


673-85 

3000 

5.5V @ 0.3A 


1 f\n 


L 

0.3 

0.75 


673-9 

3600 

6.6V @ 0.2A 


100 


M 

0.2 

0.5 

ID 

673-10 

4200 

7.7V @ 0.2A 




N 

0.18 

0.45 


673-11 

4800 

8.8V @ 0.15A 




0 

0.16 

0.4 


673-12 

5000 

9.0V @ 0.15A 




0 

0.16 

0.4 


Fast 676-12 

1200 

3.3V @ 0.3A 




J 

0.4 

1.0 


Recovery 676-18 

1800 

4.4V @ 0.2A 




K 

0.35 

0.85 


676-24 

2400 

5.5V @ 0.2A 




L 

0.325 

0.8 


676-30 

3000 

7.7V @ 0.2A 


1 cn 


M 

0.25 

0.625 

1 n 

676-36 

3600 

8.8V @ 0.15A 

5 

x^U 

duu 

N 

0.175 

0.425 

iU 

676-42 

4200 

9.9V @ 0.15A 




0 

0.15 

0.375 


676-48 

4800 

IIV @ 0.15A 




P 

0.135 

0.325 


676-50 

5000 1 

IIV @ 0.15A 




P 

0.125 

i 0.3 



tMeasured in a reverse recovery circuit switching from 10mA forward to 10mA reverse current recovering to 5mA. 


Output Current Ratio vs 
Velocity of Air Flow 



0 100 200 300 400 500 600 



^ 20 40 60 80 100 120 140 160 180 



aS 20 40 60 80 100 120 140 160 180 


V- VELOCITY OFAIRaFM) 


AMBIENT (AIR) TEMPERATURE (X) 


AMBIENT (OIL) TEMPERATURE (°C) 


Application example: The rectifier is to be used in a cabinet at 60°C with ambient 
air moving at 400 LFM. The rating is reduced (Fig. 2) by a factor of 0.81 due to the 
elevated temperature, but is enhanced by 2.X (Fig. 1) due to the air flow. Hence 
the DC output current is 0.81 x 2, or 1.6 times the 25°C air rating. 


Reverse-Recovery Circuit 
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FORWARD CURRENT (A) 


673, 676 SERIES 


Typical Forward Voltage vs Typical Forward Voltage vs 

Forward Current Forward Current 




FORWARD VOLTAGE — MULTIPLY Vp BY: FORWARD VOLTAGE — MULTIPLY Vp BY: 


Typical Leakage Current vs. Voltage 



120 110 100 90 80 70 60 50 40 30 20 10 0 
% OF P.I.V. 
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RECTIFIER ASSEMBLIES 

Three Phase Bridges, 15-25 Amp, 
Standard and Fast Recovery Magnum® 


678, 682, 695 
696 SERIES 


FEATURES 

• Current Rating: to 25A 

• PlVs: from 100 to 600V 

• Only Fused-in-Glass Diodes Used 

• Recovery Times: to 500ns 

• Controlled Avalanche Characteristics 

• Surge Ratings: to 150A 

• Aluminum Heat Sink Case, Electrically Insulated 


DESCRIPTION 

This series of three phase MAGNUM® 
bridges offer the ultimate in high current 
power supply applications. The fast 
recovery series allows operation at full 
power at high frequencies (up to 40KHz 
squarewave), often used in choppers, 
inverters and converters In aircraft, 
missiles, etc., equipment. 


ABSOLUTE MAXIMUM RATINGS 


Peak Inverse Voltage 100 to 600V 

Maximum Average D.C. Output Current . . See Electrical Specifications 

Non-Repetitive Sinusoidal Surge {8.3ms) See Electrical Specifications 

Operating and Storage Temperature Range — 65°C to +150°C 

Thermal Resistance Junction to Ambient, All Series 20°C/W 

Junction to Case, 678, 682 Series l-S'C/W 

Junction to Case, 695, 696 Series 3.0°C/W 


MECHANICAL SPECIFICATIONS 



678, 682, 695, 696 SERIES 



ins. 

mm. 

A 

.820 MAX. 

20.83 MAX. 

B 

.09 DIA. TYP. 

2.29 DIA. TYP. 

C 

.164-.174 DIA. 

4.17-4.42 DIA. 

D 

.365- .385 

9.27-9.78 

E 

1.870-1.880 

47.50-47.75 

F 

.740- .760 

18.80-19.30 

G 

.370-.390 

9.40-9.91 

H 

.040 TYP 

1.02 TYP 

J 

.486-.506 

12.34-12.85 

K 

115-.135 1 

2.92-3.43 

L 

2.240-2.260 ] 

56.90-57.40 



MARKING 


Alternating Current Input ’ 

A.C. 

Cathode — Positive Output 

-f 

Anode — Negative 

— 


Part number is printed on the body. 


Magnum® is a registered trademark of Unitrode Corporation 
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678, 682, 695, 696 SERIES 


Electrical Specifications (at 25°C unless noted) 

Maximum Ratings 

Type 

PIV 

Per 

Leg 

Maximum 
Forward 
Voltage Drop 
Per Leg 

Maximum 

Leakage 

Current 

Per Leg @ PIV 

Maximum 

Reverse 

Recovery 

Time* 

Maximum 

Average 

D.C. Output 

Current 

Non-Repetitive 
Sinusoidal 
Surge (8.3ms) 

T, = 25‘>C 

= 100°C 

Tc = 55X 

Tc = lOOX 

T^ = lOOX 

Volts 


tiA 

liA 

ns 

Amps 

Amps 

Amps 

Standard 

678-1 

o 

o 








Recovery 

678-2 

200 









678-3 

300 

1.2V @ lOA 

10 

200 


25 

18.5 

150 


678-4 

400 









678-5 

500 









678-6 

600 








Standard 

695-1 

100 








Recovery 

695-2 

200 









695-3 

300 

1.2V @ 2A 

5 

150 


15 

9 

80 


695-4 

400 









695-5 

500 









695-6 

600 








Fast 

682-1 

100 








Recovery 

682-2 

200 









682-3 

300 

1.2V @ 6A 

10 

200 

500 

20 

14 

150 


682-4 

400 









682-5 

500 









682-6 

600 








Fast 

696-1 

100 





i 



Recovery 

696-2 

200 









696-3 

300 

1.2V (a2A 

5 

150 

500 

15 

9 

60 


696-4 

400 









696-5 

500 









696-6 

600 









*Measured in a reverse recovery circuit switching from l.OA forward to l.OA reverse current recovering to 0.5A. 


Typical Forward Voltage Per Leg 
vs. Forward Current 



0 .2 .4 .6 .8 1 1.2 1.4 


FORWARD VOLTAGE (V) 


Typical Forward Voltage Per Leg 
vs. Forward Current 



0 .2 .4 .6 .8 1 1.2 1.4 

FORWARD VOLTAGE (V) 


Typical Forward Voltage Per Leg 
vs. Forward Current 



0 .2 .4 .6 .8 1 1.2 1.4 

FORWARD VOLTAGE (V) 
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RECTIFIER ASSEMBLIES 

Single Phase Bridges, 10-25 Amp, 
Standard and Fast Recovery Magnum™ 


679, 680, 683, 684 SERIES 


FEATURES 

• Current Ratings; to 25A 

• Recovery Time: to 500ns 

• PIVs: from 100 to 600V 

• Surge Ratings: to 150A 

• Only Fused-in-Glass Diodes Used 

• Controlled Avalanche Characteristics 

• Aluminum Heat Sink Case, Electrically Insulated 


DESCRIPTION 

This series of single phase MAGNUM™ 
bridge offers the designer the ultimate in 
high current power supply applications. 
The fast recovery series allows operation 
at full power at high frequencies, up to 
40kHz square wave, which Is often used 
in chopper, inverters and converters in 
aircraft, missiles, etc., equipment. 


ABSOLUTE MAXIMUM RATINGS 

Peak Inverse Voltage 100 to 600V 

Maximum Average D.C. Output Current See Electrical Specifications 

Non-Repetitive Sinusoidal Surge (8.3ms) See Electrical Specifications 

Operating and Storage Temperature Range — 65°C to +150°C 

Thermal Resistance Junction to Ambient, 679, 683 Series 20°C/W 

Junction to Ambient, 680, 684 Series 25°C/W 

Junction to Case, 679, 683 Series 2.0°C/W 

Junction to Case, 680, 684 Series 4.0°C/W 


MECHANICAL SPECIFICATIONS 


680, 684 SERIES 



ins. 

mm. 

A 

.240 MAX. 

6.10 MAX. 

B 

.57 MAX. 

14.45 MAX. 

C 

.040 TYP. 

1.02 TYP. 

D 

.750 MAX. 

19.05 MAX. 

E 

.750 MAX. 

19.05 MAX. 

F 

.140 DIA. 

3.56 DIA. 

G 

.09 DIA. TYP. 

2.29 DIA. TYP. 



Typical Weight — 0.35 ounces 
10 grams 



20 grams 




MARKING 


Alternating Current input 

A.C. 

Cathode — Positive Output 

+ 

Anode — Negative 

_ 


Part number is printed on the body. 
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679, 680, 683, 684 SERIES 


Electrical Specifications (at 25°C unless noted) 

Maximum Ratings 

Type 

PIV 

Per 

Leg 

Maximum 
Forward 
Voltage Drop 
Per Leg 

Maximum 

Leakage 

Current 

Per Leg @ PIV 

Maximum 

Reverse 

Recovery 

Time* 

Maximum 

Average 

D.C. Output 

Current 

Non-Repetitive 
Sinusoidal 
Surge (8.3ms) 

T^ = 25°C 

T^ = 100°C 

Te = 55X 

Tc = lOOX 

= lOOX 

Volts 


liA 

fiA 

ns 

Amps 

Amps 

Amps 

Standard 

679-1 

100 








Recovery 

679-2 

200 









679-3 

300 

1.2V @ lOA 

10 

200 

_ 

25 

18.5 

150 


679-4 

400 









679-5 

500 









679-6 

600 








Standard 

680-1 

100 








Recovery 

680-2 

200 









680-3 

300 

1.2V @ 2A 

2 

50 

— 

10 

6 

50 


680-4 

400 









680-5 

500 









680-6 

600 








Fast 

683-1 

100 








Recovery 

683-2 

200 









683-3 

300 

1.2V @ 6A 

10 

200 

500 

20 

14 

150 


683-4 

400 


1 







683-5 

500 









683-6 

600 








Fast 

684-1 

100 








Recovery 

684-2 

200 









684-3 

300 

1.2V @ 2A 

5 

100 

500 

10 

6 

50 


684-4 

400 









684-5 

500 









684-6 

600 









*Measured in a reverse recovery circuit switching from l.OA forward to l.OA reverse current recovering to 0.5A, 


Typical Forward Voltage Per Leg 
vs. Forward Current 



0 .2 .4 .6 .8 1 1.2 1.4 

FORWARD VOLTAGE (V) 
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Typical Forward Voltage Per Leg 
vs. Forward Current 



0 .2 .4 .6 .8 1 1,2 1.4 

FORWARD VOLTAGE (V) 
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Typical Forward Voltage Per Leg 
vs. Forward Current 



0 .2 .4 .6 .8 1 1.2 1.4 

FORWARD VOLTAGE (V) 
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LEAKAGE CURRENT (/xA) 



125 100 75 50 25 0 

% OF PIV 















^ 

+25°C 


/ 

















^^+75“C 

/ 



















^4125°C 












125 100 75 50 25 0 

% OF PIV 


Reverse Recovery Circuit 



Current Derating Curve 



100 


< 50 


Current 


55°C 




T 






1 684 : 






LEAKAGE CURRENT UA) 





RECTIFIER ASSEMBLIES 

Doubler and Center Tap, 15 Amp, 
Standard and Fast Recovery, Magnum 


681, 689 SERIES 


FEATURES 

• Current Ratings: to 15A 

• Aluminum Heat Sink Case, Electrically Insulated 

• Only Fused-in-Glass Diodes Used 

• Controlled Avalanche Characteristics 

• PIV: 100 to 600V 

• Surge Ratings: to 150A 


DESCRIPTION 

This series of MAGNUM ® doublers and 
center tap rectifiers offers high current and 
high thermal conductivity needed in high 
current power supply applications. The 
MAGNUM®' package is virtually inde- 
structable and lends its use to high 
environmental stresses, as seen in aircraft, 
missile and satellite equipment. 


ABSOLUTE MAXIMUM RATINGS 

Peak Inverse Voltages 

Maximum Average D.C. Output Current 
@ T^ = +55°C 
@ Tc = 4-100°C 

Non-Repetitive Sinusoidal Surge (8.3ms) 

(§ T^ r= +100°C 

Operating and Storage Temperature Range 
Thermal Resistance Junction to Ambient 
Junction to Case 


100 to 600V 

15A 

lOA 

150A 

.. -65°C to 4-150°C 

20°C/W 

6.0°C/W 


MECHANICAL SPECIFICATIONS 


.175 . 




(2 PLACES) 

.09 DIA. TYP. 






-.jl^-TINNED CU. .040 TYP. 

I I .322 max. 
‘Trn .302 ^ 


I T“T 

.135 ‘ 


Orientation of terminals shown for "D” For "P” or “N” center 
terminal is at 90° from the AC terminals 


681, 689 SERIES 


... . — > 1 ^ w 


- > 1 t I< 


AC T AC 

"N” ♦ w I W — • 


Typical Weight — 0.35 ounces 
10 grams 



MARKING 


Alternating Current Input 

A.C. 

Cathode — Positive Output 

+ 

Anode — Negative 

— 


Part number is printed on the body. 


t Add suffix P, N, or D for terminal 
configuration P, N, or D, 

For example, for center tap 
configuration, P, order 681-IP. 


Magnum® is a registered trademark of Unitrode Corporation 
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681, 689 SERIES 


Electrical Specifications (at 25°C unless noted) 


Type 

PIV 

Per 

Leg 

Maximum 

Forward 

Voltage Drop 

Per Leg 

Maximum 

Reverse 

Recovery 

Time* 

Maximum 

Leakage 

Current 

Per Leg @ PIV 

T^-25X 

T^ = lOOX 

Volts 


nS 


/iA 

Standard 


681-1 

100 





Recovery 


681-2 

200 







681-3 

300 

1.2V @ lOA 


10 

200 



681-4 

400 







681-5 

500 







681-6 

600 





Fast 


689-1 

100 





Recovery 


689-2 

200 







689-3 

300 

1.2V @ lOA 

500 

10 

200 



689-4 

400 







689-5 

500 







689-6 

600 






*Measured in a reverse recovery circuit from lA forward to lA reverse current recovery to 0.5A. 


Typical Forward Voltage Per Leg 
vs. Forward Current 



0 .2 .4 .6 .8 l.Q 1.2 

FORWARD VOLTAGE (V) 



0 50 100 150 175 

CASE TEMPERATURE (X) 


Typical Leakage Current vs. PIV 
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Reverse-Recovery Circuit 
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RECTIFIER ASSEMBLIES 

Single Phase Bridges, 7.5 Amp, Standard 
and Fast Recovery 


697, 698 SERIES 


FEATURES 

• Miniature High Current Assemblies 

• Continuous Ratings: to 7.5A 

• Surge Ratings: to 80A 

• PIV’s:from 100Vto 600V 

• Recovery Times: to 500ns 

• Only Fused-in-Glass Diodes Used 

• Controlled Avalanche Characteristics 


DESCRIPTION 

These miniature molded high-current 
single-phase bridges are designed for uni- 
versal application in power supplies. One 
basic bridge fills current requirements up 
to 7.5A, with PIV’s from 100 to 600 volts and 
recovery times of standard, and 500ns max. 


ABSOLUTE MAXIMUM RATINGS 

Peak Inverse Voltage 100 to 600V 

Maximum Average D.C. Output Current See Electrical Specifications 

Non-Repetitive Sinusoidal Surge (8.3ms) See Electrical Specifications 

Operating and Storage Temperature Range — 65°C to +150'’C 

Thermal Resistance Junction to Ambient . 32°C/W 

Junction to Case .. 10°C/W 



MECHANICAL SPECIFICATIONS 



MARKING 

Alternating Current Input 

A.C. 

Cathode — Positive Output 

+ 

Anode — Negative 

— 


Part number is printed on the body. 

UNITRODE 






697, 698 SERIES 


Electrical Specifications (at 25°C unless noted) 

Maximum Ratings 

Type 

PIV 

Per 

Leg 

Maximum 
Forward 
Voltage Drop 
Per Leg 

Leakage 

Current 

Per Leg @ PIV 

Maximum 

Reverse 

Recovery 

Timet 

Maximum 

Average 

D.C. Output 
Current 

Non-Repetitive 

Sinusoidal 

Surge 

(8.3ms) 

T^ = 25°C 

T^ = 100°C 

T^ = 25X 

Tc = 55^ 

Volts 


nA 

mA 

ns 

Amps 

Amps 

Amps 

Standard 697-1 

Recovery 697-2 

697-3 
697-4 
697-5 
697-6 

100 

200 

300 

400 

500 

600 

l.OV @ 2A 

5 

200 


2.5 

7.5 

80 

Fast 698-1 

Recovery 698-2 

698-3 
698-4 
698-5 
698-6 

100 

200 

300 

400 

500 

600 

1.1V@2A 

5 

200 

500 

2.25 

7.0 

70 


tMeasured in a reverse recovery circuit switching from lA forward to lA reverse current recovering to .5A. 


Typical Forward Voltage Per Leg 



0 .2 .4 .6 .8 1 1.2 1.4 

FORWARD VOLTAGE (V) 


Typical Forward Voltage Per Leg 
vs. Forward Current 



0 .2 .4 .6 .8 1 1.2 1.4 

FORWARD VOLTAGE (V) 



150 100 50 0 


% OF PIV 


Reverse Recovery Circuit 



Current Derating Curve 
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RECTIFIER ASSEMBLIES 

Three Phase Bridges, 2.5 Amp, Standard 
and Fast Recovery 


700, 701 SERIES 


FEATURES 

• Miniature Package 

• Recovery Time: to 500ns 

• Surge Ratings: to 25A 

• PIV: from 100 to 600V 

• Controlled Avalanche Characteristics 

• Only Fused-in-Glass Diodes Used 


DESCRIPTION 

These miniature transfer-molded high- 
voltage three-phase power bridges are 
designed for universal application in power 
supplies. One basic bridge fills current 
requirements up to 2.5A, with PIV’s from 
100 to 600 volts and recovery times of 
standard and 500ns. 


ABSOLUTE MAXIMUM RATINGS 

Peak Inverse Voltage 

Maximum Average D.C. Output Current .. 
Non-Repetitive Sinusoidal Surge (8.3ms) 
Operating and Storage Temperature Range 
Thermal Resistance Junction-to-Ambient 


100 to 600V 

See Electrical Specifications 
See Electrical Specifications 

— 65‘’C to -f 150°C 

25°C/W 


MECHANICAL SPECIFICATIONS 



u 


- 

C 

4- 

AC A 

C AC 

t 

D 

J 

eL 

F - 




Typical Weight — 0.12 ounces 
3.5 grams 


G 


J 

— — Tinned Copper 

IT 


H 



700, 701 SERIES 



ins. 

mm. 

A 

.310 

7.87 

B 

.621 

15.77 

C 

.512 REF. 

13.0 REF. 

D 

.460 MAX. 

11.68 MAX. 

E 

.255 

6 48 

F 

1.030 MAX. 

26.16 MAX. 

G 

.220 MAX. 

5.59 MAX. 

H 

875 

22.23 

J 

.028 DIA. 

0.71 DIA. 



MARKING 


Alternating Current input 

A.C. 

Cathode — Positive Output 

+ 

Anode — Negative 

— 


Part number is printed on the body. 
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700, 701 SERIES 


Electrical Specifications (at 25°C unless noted) 

Maximum Ratings 

Type 

PIV 

Per 

Leg 

Maximum 
Forward 
Voltage Drop 
Per Leg 

Leakage 

Current 

Per Leg @ PIV 

Maximum 

Reverse 

Recovery 

Timet 

Maximum 

Average 

D.C. Output 
Current 

Non-Repetitive 

Sinusoidal 

Surge 

(8.3ms) 

T^ = 25X 

T^ = lOOX 

T^ = 55°C 

Volts 


/<A 

//A 

ns 

Amps 

Amps 

Standard 700-1 

Recovery 700-2 

700-3 
700-4 
700-5 
700-6 

100 

200 

300 

400 

500 

600 

l.OV @ 0.5A 

2 

100 


2.5 

25 

Fast 701-1 

Recovery 701-2 

701-3 
701-4 
701-5 
701-6 1 

100 

200 

300 

400 

500 

600 

I.IV @ 0.5A 

2 

100 

500 

2.25 

20 


tMeasured in a reverse recovery circuit switching from 10mA forward to 10mA reverse current recovering to 5mA. 


Typical Forward Voltage Per Leg 
vs. Forward Current 



0 .2 .4 .6 8 1 12 14 

FORWARD VOLTAGE (V) 


Typical Forward Voltage Per Leg 
vs. Forward Current 



0 .2 .4 .6 .8 1 1.2 1.4 

FORWARD VOLTAGE (V) 


Typical Leakage Current vs. PIV 


ALL SERIES 
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Reverse Recovery Circuit 
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RECTIFIER ASSEMBLIES 

Three Phase Bridges, 2040 Amp, 
High Efficiency, ESP 


800, 801 SERIES 


FEATURES 

• Current Ratings: to 40A 

• Recovery Time: 50ns 

• Surge Ratings: to 250A 

• PIVs:from 50 to 150V 

• Only Fused-in-Glass Diodes Used 

• Exceptionally High Efficiency 

• Aluminum Heat Sink Case, Electrically Insulated 


DESCRIPTION 

This series of three phase bridges 
offers the highest efficiency possible 
for applications where nothing else 
will do. The series allows operation at full 
power at high frequencies. 


ABSOLUTE MAXIMUM RATINGS 

Peak Inverse Voltages 50 to 150V 

Maximum Average D.C. Output Current . . . .. See Electrical Specifications 

Non-Repetitive Sinusoidal Surge (8.3ms) See Electrical Specifications 

Operating and Storage Temperature Range — 65°C to +150°C 

Thermal Resistance Junction to Ambient, All Series 20°C/W 

Junction to Case, 800 Series 1.5® C/W 

Junction to Case, 801 Series 3.0°C/W 



MECHANICAL SPECIFICATIONS 

800, 801 SERIES ME 



Typical Weight — 1.0 ounce 
30 grams 

MARKING 

Alternating Current Input A.C. 
Cathode ~ Positive Output + 

Anode — Negative 

Part number is printed on the body. 
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800, 801 SERIES 


Electrical Specifications (at 25°C unless noted) 

Maximum Ratings 

Type 

PIV 

Per 

Leg 

Maximum 
Forward 
Voltage Drop 
Per Leg 

Maximum 

Reverse 

Leakage Current 

Per Leg @ PIV 

Maximum 

Reverse 

Recovery 

Time* 

Maximum 

Average 

D.C. Output 

Current 

Non-Repetitive 
Sinusoidal 
Surge (8.3ms) 

T^ = 25X 

T^ = 100“C 

Tc = 55“C 

Tc = 100“C 

T^ - lOOX 

Volts 


fiPi 

M 

ns 

Amps 

Amps 

Amps 

ESP 

800-1 

50 








Recovery 

800-2 

100 

.95V @ lOA 

20 

1000 

50 

40 

25 

250 


800-3 

125 









800-4 

150 








ESP 

801-1 

50 








Recovery 

801-2 

100 

.95V (®6A 

10 

300 

50 

20 

16 

125 


801-3 

125 i 









801-4 

150 1 









*Measured In a reverse recovery circuit switching from lA forward to lA reverse current recovering to 0.5A. 



.2 .512 

DURATION (SEC.) 



.2 .512 

DURATION (SEC.) 


Current Derating Curve 
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RECTIFIER ASSEMBLIES 

Single Phase Bridges, 20-35 Amp, 
High Efficiency ESP Series 


802, 803 SERIES 


FEATURES 

• Current Ratings: to 35A 

• Recovery Time: 50ns 

• Surge Ratings: to 250A 

• PIVs: from 50 to 150V 

• Only Fused-in-Glass Diodes Used 

• Exceptional High Efficiency 

• Aluminum Heat Sink Case, Electrically Insulated 


DESCRIPTION 

This series of single phase bridges 
offer the'highest efficiency possible 
for applications where nothing else 
will do. The series allow operation at 
full power at very high frequency. 


ABSOLUTE MAXIMUM RATINGS 

Peak Inverse Voltage 

Maximum Average D.C. Output Current 

Non-Repetitive Sinusoidal Surge (8.3ms) 

Operating and Storage Temperature Range 

Thermal Resistance Junction to Ambient, 802 Series . 

803 Series . 

Junction to Case, 802 Series 

803 Series 


50 to 150V 

See Electrical Specifications 
See Electrical Specifications 

— 65°C to +150°C 

20°C/W 

25°C/W 

ZO'-C/W 

4.0°C/W 


MECHANICAL SPECIFICATIONS 







802, 803 SERIES 


Electrical Specifications (at 25°C unless noted) 

Maximum Ratings 

Type 

PIV 

Per 

Leg 

Maximum 
Forward 
Voltage Drop 
Per Leg 

Maximum 

Reverse 

Leakage Current 

Per Leg @ PIV 

Maximum 

Reverse 

Recovery 

Time* 

Maximum 

Average 

D.C. Output 

Current 

Non-Repetitive 
Sinusoidal 
Surge (8.3ms) 

T^ ^ 25X 

T^ = 100°C 

Tc = 55°C 

Tc = 100“C 

T^ = lOO'C 

Volts 


mA 

mA 

ns 

Amps 

Amps 

Amps 

ESP 

802-1 

50 








Recovery 

802-2 

100 

.95V @ lOA 

20 

1000 

50 

35 

22.5 

250 


802-3 

125 









802-4 

150 








ESP 

803-1 

50 








Recovery 

803-2 

100 

.95V @ 6A 

10 

300 

50 

20 

16 

125 


803-3 

125 









803-4 

150 









*IVIeasured in a reverse recovery circuit switching from lA forward to lA reverse current recovering to 0.5A. 


Typical Forward Voltage Per Leg 
vs. Forward Current 


Typical Forward Voltage Per Leg 
vs. Forward Current 



.1 .3 .5 .7 .9 1.1 1.3 1.5 

FORWARD VOLTAGE (V) 


FORWARD VOLTAGE (V) 



125 100 75 50 25 0 


% OF PIV 



125 100 75 50 25 

% OF PIV 
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802, 803 SERIES 


Current Derating Curve 



0 55 100 150 

CASE TEMPERATURE (°C) 



.01 .02 .05 .1 .2 .5 1 2 5 10 20 

DURATION (SEC.) 



.01 .02 


.2 .5 1 2 5 10 20 

DURATION (SEC.) 


Reverse-Recovery Circuit 


Characteristic Waveform 



_L 


I, 

T° 


NOTES: 

1. Oscilloscope: Rise time ^ 3ns; input impedance = 50L>. 

2. Pulse Generator: Rise time ^ 8ns; source impedance lOil. 

3. Current viewing resistor, non-inductive, coaxial recommended. 


uz 


SET TIME BASE 
FOR 5 NS/CM 


J L 
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RECTIFIER ASSEMBLIES 

Doublers and Center Tap, 20 Amp, 
High Efficiency, ESP 


804 SERIES 


FEATURES 

• Current Rating: to 20A 

• Aluminum Heat Sink Case, Electrically Insulated 

• Recovery Time: 50ns 

• Surge Rating: to 250A 

• PIVs: from 50 to 150V 

• Only Fused-in-Glass Diodes Used 

• Exceptional High Efficiency 


DESCRIPTION 

This series of doublers and center tap 
rectifiers offer the ultimate in high 
efficiency application. The rectifiers are 
particularly suited to switching regulator 
supplies where very fast recovery time 
and low forward drop are of prime 
importance. 


ABSOLUTE MAXIMUM RATINGS 

Peak Inverse Voltage 

Maximum Average D.C. Output Current 

@ Tc = +55°C . . 

@ Tc = +100°C 

Non-Repetitive Sinusoidal Surge (8.3ms) 

@ T^ = +100°C 

Operating and Storage Temperature Range 
Thermal Resistance Junction to Ambient .. 

Junction to Case 


50 to 150V 

20A 

14A 

250A 

.. . . — eS^C to +150°C 

20‘’C/W 

6.0°C/W 


MECHANICAL SPECIFICATIONS 




MARKING 


Alternating Current Input 

A.C. 

Cathode — Positive Output 

+ 

Anode — Negative 

— 


Part number is printed on the body. 


t Add suffix P, N, or D for terminal 
configuration P, N, or D. 

For example, for center tap 
configuration, P, order 804-IP 
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804 SERIES 


Electrical Specifications (at 25°C unless noted) 


Type 

PIV 

Per 

Leg 

Maximum 
Forward 
Voltage Drop 

Per Leg 

Maximum 

Leakage 

Current (juA) 

Per Leg @ PIV 

Maximum 

Reverse 

Recovery 

Time* 

T^ = 25X 

T^ 100“C 


Volts 


mA 

Ilk 

ns 

ESP 804-1 

50 





Recovery 804-2 

100 

.95V @ lOA 

10 

500 

50 

804-3 

125 





8044 

150 






*Measured in a reverse recovery circuit switching from lA forward to lA reverse current recovering to 0.5A, 


Typical Forward Voltage Per Leg 
vs. Forward Current 



.1 .3 .5 .7 .9 1.1 1.3 1.5 

FORWARD VOLTAGE (V) 



125 100 75 50 25 0 

% OF PIV 
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804 SERIES 


Forward Surge Current vs. Duration 



DURATION (SEC.) 


Current Derating Curve 



Reverse-Recovery Circuit 



NOTES: 

1. Oscilloscope: Rise time ^ 3ns; input impedance =: 5012. 

2. Pulse Generator: Rise time ^ 8ns; source impedance 1012. 

3. Current viewing resistor, non-inductive, coaxial recommended. 


Characteristic Waveform 



t,r 

' — 












Uec 

1 1 

■ 

■ 

11 

i 

■ 

■I 




“1 

■ 

■ 

m 

i 

■ 

■1 








n 






- 




n 

1 




f 




^ Ir 






■I 








m 


III 








_ 


z 






SET TIME BASE J 
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RECTIFIERS 

High Efficiency, 16 A Center-Tap 


SES5401C-SES5404C 


FEATURES 

• Low Forward Voltage 

• Fast Recovery Times 

• Economical, Convenient TO-220AB Package 

• Low Thermal Resistance 

• Mechanically Rugged 


ABSOLUTE MAXIMUM RATINGS 

Peak Inverse Voltage, SES5401C 
Peak Inverse Voltage, SES5402C 
Peak Inverse Voltage, SES5403C 
Peak Inverse Voltage, SES5404C 
Maximum Average D.C. Output Current 
@ Tc = 125‘’C 
@ Ta = 25^ 

@ Ta = 25°C (Note 1) 

Non-Repetitive Sinusoidal Surge Current, 8.3mS 

Thermal Resistance, Junction to Case, ^j-c 

Thermal Resistance, Junction to Ambient, Bj-a . 
Operating and Storage Temperature Range 


DESCRIPTION 

The SES5401C Series in the economical, 
convenient TO-220AB package, is 
specifically designed for operation in power 
switching circuits to frequencies in excess 
of lOOKHz. The series combines two high 
efficiency devices into one package, 
simplifying installation, reducing heatsink 
requirements and the need to purchase 
matched components. 


.50V 
lOOV 
150 V 
200V 

16A 
. 3A 
lOA 

70A 

1.75°C/W 

60°C/W 

-55°Cto+150°C 


Note 1. Using Wakefield Type 295 heatsink with convection cooling. For more definitive data refer to the Output Current vs. 
Temperature Curves on this datasheet. 


ELECTRICAL SPECIFICATIONS 


Type 

PIV 

Maximum 

Forward Voltage (Vp) 

@ 

Maximum 

Reverse Current (1^) 

@PIV 

Maximum 

Reverse 

Recovery 

Time* 

Typical 
Forward 
Recovery 
Voltage 
@1A 
tr = 8nS 

Tj=25®C 

Tj = 100*C 

@ Tj=25«C 

@ Tj = 100®C 

SES5401C 

SES5402C 

SES5403C 

50V 

100 V 

150 V 

1.025V @ 8A 

0.945V @ 8A 

5mA 

150^ 

lOOnS 

1.4V 


•Measured in circuit If = 0.5A, Ir = 1.0A, Irec = 0-25A 


MECHANICAL SPECIFICATIONS 




UNITRODE 
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THERMAL IMPEDANCE (°C/W) PULSE CURRENT (A) ^ 1^ — CURRENT (A) 


SES5401C-SES5404C 


Output Current 
vs. Temperature 


Typical Forward Current Typical Reverse Current 

vs. Forward Voltage vs. Voltage 




.5 5 50 5 5 

• l/^S l/iS 10/jS 100/jS ImS lOmS 

PULSE DURATION 


Multiple Surge Current vs. Duration 



1 2 5 10 20 50 100 200 500 1000 

CYCLES AT 60 Hz SINE WAVE 


Thermal Impedance 
vs. Pulse Width 



tp — PULSE WIDTH (mS) 


Reverse-Recovery Circuit 

son ion 



NOTES: 

1. Oscilloscope: Rise time ^ 3nS; input impedance = 500. 

2. Pulse Generator: Rise time « 8nS; source impedance lOO. 

3. Current viewing resistor, non-inductive, coaxial recommended. 
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RECTIFIERS 

High Efficiency, 25A Center-Tap 


SES5601C 

SES5602C 

SES5603C 


FEATURES 

• Low Forward Voltage 

• Fast Switching Speed 

• Convenient Package 

• High Surge Capability 

• Low Thermal Resistance 

• Mechanically Rugged TO-3 Package 

• Available as Positive or Negative Center-Tap 


DESCRIPTION 

The SES, super-fast recovery, rectifiers are 
specifically designed for operation in 
power switching circuits. Their super-fast 
recovery time and very low forward 
voltage make them particularly 
efficient in most switching applications. 


ABSOLUTE MAXIMUM RATINGS 


Peak Inverse Voltage, SES5601 C 50V 

Peak Inverse Voltage, SES5602C 100V 

Peak Inverse Voltage, SES5603C 150V 

Maximum Average D.C. Output Current at Tg = 100 °C 25A 

Non-Repetitive Sinusoidal Surge Current 8.3 mS 400A 

Thermal Resistance, Junction to Case 1 °C/W 

Operating and Storage Temperature Range - 55°C to + 175°C 


ELECTRICAL SPECIFICATIONS PER DIODE 


Type 

PIV 

Maximum 

Forward Voltage (Vp) 

@ 

Maximum 

Reverse Current (i^) 

(g>PIV 

Maximum 

Reverse 

Recovery 



Tc = 25®C 

Tc = 125®C 

@Tc = 25®C 

@Tc = 125®C 

Time* 

SES5601C 

SES5602C 

50V 

100 V 

0.990V 

@ 

0.830V 

@ 

20iaA 

4mA 

lOOnS 

SES5603C 

150 V 

12.5A 
tp = 300/4S 

12.5A 
tp = 300 mS 


•Measured in circuit If = 0.5A, Ir = 1.0A, Irec = 0-25A 


MECHANICAL SPECIFICATIONS 


POSITIVE OUTPUT 

-►I — I — 14 — 




SES5601C-SES5603C 



ins. 

mm 

A 

.875 MAX 

22.23 MAX. 

B 

.135 MAX. 

3.43 MAX. 

C 

.250-.450 

6.35-11.43 

D 

.312 MIN. 

7.92 MIN. 

E 

.038-.043 DIA. 

0.97-1.09 DIA. 

F 

.188 MAX. RAD. 

4.78 MAX. RAD. 

G 

1.177-1.197 

29 00-30.40 

H 

.655-.675 

16.64-17.15 

J 

.205-.225 

5.21-5.72 

K 

.420-.440 

10.67-11.18 

L 

.525 MAX. RAD. 

13.34 MAX. RAD. 

M 

.151-161 DIA 

3.84-4.09 DIA. 


NOTES: 


1. Standard polarity is positive output. 

For reverse poiarity (negative output) add suffix “R”, ie, SES5601CR. 

2. Ail metal surfaces tin plated. 
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SES5601C-SES5603C 


Typical Reverse Current 



130 120 110 100 90 80 70 60 50 40 30 20 10 0 
Vr — REVERSE VOLTAGE (% OF PIV) 


Typical Forward Current 



.4 .6 .8 1.0 1.2 

Vp — FORWARD VOLTAGE (V) 



1 2 5 10 20 50 100 200 

N — CYCLES OF 60 Hz SINEWAVE 



t — PULSE WIDTH (mS) 


Output Current vs. 
Case Temperature 



100 125 150 175 

T^- — CASE TEMPERATURE (X) 


Reverse-Recovery Circuit 


50 fi 10 n 



NOTES: 

1. Oscilloscope: Rise time ^ 3nS; input impedance = 50n. 

2. Pulse Generator: Rise time < 8nS; source impedance lOO. 

3. Current viewing resistor, non-inductive, coaxial recommended. 
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RECTIFIER ASSEMBLIES 

Single Phase Bridges, 25 Amp, 
Military Approved 


JAN SPA25 
JAN SPB25 
JAN SPC25 
JAN SPD25 


FEATURES 

• Qualified to MIL-S-19500/446 

• Current Rating: to 25A 

• PIV: from 100 to 600V 

• Surge Ratings: to 150A 

• Only Fused-in-Glass Diodes Used 

• Controlled Avalanche Characteristics 

• Aluminum Heat Sink Case, Electrically Insulated 


DESCRIPTION 

This series of military high-current 
single-phase bridges offer the utmost in 
reliability as required in military system 
designs. This series is assembled with 
diodes which have been subjected to 
100% screening tests. 


ABSOLUTE MAXIMUM RATINGS 

Peak Inverse Voltage 100 to 600V 

Maximum Average D.C. Output Current 

@ Tc = 55°C 25A 

@ Tc = 100°C 15A 

Non-Repetitive Sinusoidal Surge (8.3ms) 

@Jc = 55°C 150A 

Operating and Storage Temperature Range — 65°C to -|-150°C 

Thermal Resistance Junction to Ambient 20°C/W 

Junction to Case 2.5“C/W 


Dimensions | 

Ltr 

INCHES 

MILLIMETERS 

MIN. 

MAX. 

MIN. 

MAX. 

C, 

.552 

.572 

14.02 

14.53 

C 2 

.624 

.760 

15.85 

19.30 

C 3 

.312 

.380 

7.92 

9.65 

C 4 

.495 

.512 

12.57 

13.00 

0 Di 

.189 

.195 

4.80 

4.95 


.057 

.067 

1.45 

1.70 

<:)Di 

.108 

.118 

2.74 

3.00 

rtD4 

.141 

.151 

3.58 

3.84 

r‘)Ds 

.225 

.235 

5.72 

5.97 

Hi 

.669 

1.060 

17.53 

26.92 

H2 

.300 

.500 

7.62 

12.70 

Hj 

.040 

.060 

1.02 

1.52 

H4 

.042 

.062 

1.07 

1.57 

L, 

.370 

.560 

9.40 

14.22 

L2 

.307 

.365 

7.80 

9.27 

L3 

.089 

.099 

2.26 

2.49 

L4 

.132 

.142 

3.35 

3.61 

L5 

.026 

.036 

.66 

.91 

W 

1.104 

1.144 

28.04 

29.06 


MECHANICAL SPECIFICATIONS 




NOTES: 

1. Terminals shall be hot tin dipped or silver plated. 

2. Polarity shall be marked on terminal side of device. 

3. Point at which Tc is read (must be in metal part of case). 

4. Locating pin shall be adjacent to positive terminal. 

5. Insulating sleeve shall be alumina (AL 2 O 3 ) or equivalent. 
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JANSPA25 JANSPB25 JAN SPC25 JAN SPD25 


Electrical Specifications (at 25°C unless noted) 


Type 


PIV 

Per 

Leg 


Volts 


Peak 

Forward 

Voltage 

Drop* 


Maximum 

Reverse 

Recovery 

Timet 


To = 25°C 


Maximum Leakage 
Current 
Per Leg @ PIV 


tiS 


aA 


To = 100°C 


mA 


JAN SPA25 
JAN SPB25 
JAN SPC25 
JAN SPD25 


100 

200 

400 

600 


0.9V 


1.4V 


@ 39A(pk) 


150 


*Peak forward voltage drop is measured at a pulse width of 8.3ms. 

tMeasured in a reverse recovery circuit switching from 0.5A forward to l.OA reverse current recovery to 0.5A. 


Typical Forward Voltage Per Leg 
vs. Forward Current 




Current Derating Curve 


100 75 50 

% OF PIV 



50 100 150 

CASE TEMPERATURE (°C) 


.2 .4 .6 .8 1 1,2 1.4 

FORWARD VOLTAGE (V) 


Discrete diode 


100 Percent process conditioning 

inspection lot 


of discrete diodes 


1. High-temperature storage 


2. Thermal shock (temperature 
cycling) 


3. Reverse-recovery time 


Reverse-Recovery Circuit 


50 Q 

10 




; 


_ 

+ ^ 






PULSE 

Z_ 25 Vdc / 


GENERATOR 

=_ (APPROX.) 1 

A 

NOTE2 

- 1 il < 

NOTE3 * 

> OSCILLOSCOPE 

+ 

1 





NOTES: 

1. Oscilloscope: Rise time < 3ns; input impedance = 50fi. 

2. Pulse Generator; Rise time ^ 8ns; source impedance lOfi. 

3. Current viewing resistor, non-inductive, coaxial recommended. 
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RECTIFIERS ues24oi-ues2404 

High Efficiency, 16A Center-Tap 


FEATURES 

• Very Low Forward Voltage 

• Very Fast Recovery Times 

• Economical, Convenient TO-220AB Package 

• Low Thermal Resistance 

• Mechanically Rugged 


DESCRIPTION 

The LIES2401 Series in the economical, 
convenient TO-220AB package, is 
specifically designed for operation in power 
switching circuits to frequencies in excess 
of lOOKHz. The series combines two high 
efficiency devices into one package, 
simplifying installation, reducing heatsink 
requirements and the need to purchase 
matched components. 


ABSOLUTE MAXIMUM RATINGS 

Peak Inverse Voltage, UES2401 50V 

Peak Inverse Voltage, L)ES2402 lOOV 

Peak Inverse Voltage, UES2403 150V 

Peak Inverse Voltage, LIES2404 200V 

Maximum Average D.C. Output Current 

@Tc = 125“C(Note 1) 16A 

@ Ta = 25°C 3A 

@ Ta = 25°C (Note 2) lOA 

Non-Repetitive Sinusoidal Surge Current, 8.3mS 80A 

Thermal Resistance, Junction to Case, 0j-c 1.75®C/W 

Thermal Resistance, Junction to Ambient, 6j-a 60°C/W 

Operating and Storage Temperature Range -55® C to +150®C 


Note 1. Above 8A use the tab for electrical connection. 

Note 2. Using Wakefield Type 295 heatsink with convection cooling. For more 

definitive data refer to the Output Current vs. Temperature Curves on this 
datasheet. 


MECHANICAL SPECIFICATIONS 




6-79 

(Revised) 
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UIMITRODE 




PULSE CURRENT (A) ^ Ip — CURRENT (A) 


UES2401 UES2404 


ELECTRICAL SPECIFICATIONS 


Type 

PIV 

Maximum 

Forward Voltage 

Maximum 

Reverse Current 
@ PIV 

Maximum 

Reverse 

Recovery Time* 

Typical Forward 
Recovery Voltage 
(5) lA Tr = 8nS 

Tj = 25°C 

Tj = 100°C 

Tj = 25°C 

H 

II 

O 

O 

O 



UES2401 

UES2402 

UES2403 

UES2404 

50V 

lOOV 

150 V 
200V 

0.9V @ 4A 
0.975V @ 8A 
tp =300 /l<S 

0.8V @ 4A 
0.895V @ 8A 

5M 

150/1 A 

35nS 

1.4V 


*Measured in circuit Ip = 0.5A, Ir = l.OA, Irec = 0.25A 


Output Current Typical Forward Current 

vs. Temperature vs. Forward Voltage 




.1 .2 .3 .4 .5 .6 .7 .8 .9 1.0 1.11.21.3 
Vp — VOLTAGE (V) 


Typical Reverse Current 
vs. Voltage 



120 100 80 60 40 20 0 

VOLTAGE IN % OF PIV 



.5 5 50 5 5 

.1/zS 1/iS lO/xS lOOfiS ImS lOmS 
PULSE DURATION 

Thermal Impedance 



tp — PULSE WIDTH (mS) 


Multiple Surge Current vs. Duration 



1 2 5 10 20 50 100 200 500 1000 

CYCLES AT 60 Hz SINE WAVE 

Reverse-Recovery Circuit 

50 ft 10 ft 



NOTES: 

1. Oscilloscope: Rise time 3nS; input impedance = 500. 

2. Pulse Generator: Rise time « 8nS; source impedance lOO. 

3. Current viewing resistor, non-inductive, coaxial recommended. 


UNITRODE CORPORATION • 5 FORBES ROAD 
LEXINGTON, MA 02173 • TEL. (617) 861-6540 
TWX (710) 326-6509 • TELEX 95-1064 


8-45 


PRINTED IN U S.A. 







RECTIFIERS 

High Efficiency, 30A Center-Tap 


UES2601-UES2603 


FEATURES 

• Very Low Forward Voltage 

• Very Fast Switching Speed 

• Convenient Package 

• High Surge 

• Low Thermal Resistance 

• Mechanically Rugged 

• Both Polarities Available 


ABSOLUTE MAXIMUM RATINGS 

Peak Inverse Voltage, UES2601 

Peak Inverse Voltage, UES2602 

Peak Inverse Voltage, UES2603 

Maximum Average D.C. Output Current at T^ = 100°C 

Non-Repetitive Sinusoidal Surge Current 8.3 ms 

Thermal Resistance, Junction to Case 

Operating and Storage Temperature Range 


POWER CYCLING 

These devices possess the unique ability to pass many 
thousands of cycles of a stress test designed to evaluate the 
integrity of the bonding systems used in the construction of 
power rectifiers. 

In this stress test, the case of the device is not heat sunk. 
Full rated forward current is supplied to force a case tem- 
perature increase at least 75°C, at which time, the current is 
removed and the case allowed to cool. The cycle is repeated a 
minimum of 5,000 times to simulate equipment being turned 
on and off. Extended power cycling tests demonstrate a product 
capability in excess of 25,000 cycles. 


DESCRIPTION 

This series combines two high efficiency 
devices into one package, simplifying 
installation, reducing heat sink require- 
ments and the need to purchase 
matched components. 


. 50V 

lOOV 
150V 
30A 
. 400A 
1°C/W 
-55°C to -fl75°C 


SWITCHING CHARACTERISTICS 

The switching times of these ultra-fast rectifiers increase 
relatively little, with temperature or at different currents. Even 
in severe applications, such as catch diodes for switching 
regulators and output rectifiers for high frequency square 
wave inverters, these devices switch many times faster than 
the fastest associated transistors. Thus, the stresses on and 
powers dissipated in the switching transistors are substantially 
less than when using other rectifiers. 


MECHANICAL SPECIFICATIONS 


POSITIVE OUTPUT 




C D 


E 


UES2601-UES2603 



ins. 

mm. 

A 

.875 MAX 

22.23 MAX. 

B 

.135 MAX. 

3.43 MAX. 

c 

250-.450 

6.35-11.43 

D 

312 MIN. 

7.92 MIN. 

E 

.038-.043 DIA. 

0.97-1.09 DIA. 

F 

188 MAX. RAD. 

4.78 MAX. RAD. 

G 

1 177-1.197 

29.90-30.40 

H 

.655-.675 

16.64-17.15 

J 

205-225 

5.21-5.72 

K 

420- .440 

10.67-11.18 

L 

.525 MAX. RAD. 

13.34 MAX. RAD. 

M 

.151- 161 DIA. 1 

3.84-4.09 DIA. 



Note: 

Standard polarity is positive output. 

For reverse polarity (negative output) add suffix “R”, ie. UES2601R. 
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RECTIFIERS 

High Efficiency, 30A Center-Tap 


UES2604-UES2606 


FEATURES 

• Very Low Forward Voltage (1.15V) 

• Very Fast Recovery Times (50nSec) 

• Low Profile Package 

• High Surge Capability 

• Low Thermal Resistance 

• Mechanically Rugged 

• Both Polarities Available 


DESCRIPTION 

The UES2604 series is specifically 
designed for operation in power switching 
circuits operating at frequencies of at 
least 20 KHz. 

This Series combines two high efficiency 
devices into one package, simplifying 
Installation, reducing heat sink require- 
ments and the need to purchase 
matched components. 


ABSOLUTE MAXIMUM RATINGS 

Peak Inverse Voltage, UES2604 200V 

Peak Inverse Voltage, UES2605 300V 

Peak Inverse Voltage, UES2606 400V 

Maximum Average D.C. Output Current <® Tc = 100°C 30A 

Surge Current, 8.3mSec 300A 

Thermal Resistance, Junction to Case 1°C/W 

Operating and Storage Temperature Range — 55°C to +150°C 


POWER CYCLING 

These devices possess the unique ability to pass many 
thousands of cycles of a stress test designed to evaluate the 
integrity of the bonding systems used in the construction of 
power rectifiers. 

In this stress test, the case of the device is not heat sunk. 
Full rated forward current is supplied to force a case tem- 
perature increase at least 75°C, at which time, the current is 
removed and the case allowed to cool. The cycle is repeated a 
minimum of 5,000 times to simulate equipment being turned 
on and off. Extended power cycling tests demonstrate a product 
capability in excess of 25,000 cycles. 


SWITCHING CHARACTERISTICS 

The switching times of these ultra-fast rectifiers increase 
relatively little, with temperature or at different currents. Even 
in severe applications, such as catch diodes for switching 
regulators and output rectifiers for high frequency square 
wave inverters, these devices switch many times faster than 
the fastest associated transistors. Thus, the stresses on and 
powers dissipated in the switching transistors are substantially 
less than when using other rectifiers. 


MECHANICAL SPECIFICATIONS 



Note: 

Standard polarity is positive output. 

For reverse polarity (negative output) add suffix “R”, ie. UES2604R. 


4/79 (Rev. 1) 
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UES2604-UES2606 


ELECTRICAL SPECIFICATIONS, PER LEG 


Type 

PIV 

Maximum 

Forward Voltage 

Maximum 

Reverse Current 

Maximum 

Reverse 

Recovery 

Time* 

Tc = 25°C 

Tc = 125'>C 

Tc = 25»C 

Tc = 125°C 

UES2604 

200V 

1.25V 

1.15V 




UES2605 

300V 

@ 15A 

@ 15A 

SOfiA 

10mA 

50nS 

UES2606 

400V 

tp = 300/iS 

tp = 300/iS 





*Measured in circuit U = .5A, Ir =1A, Irec = •25A 


Typical Reverse Current 
vs. Reverse Voltage 



Vr — REVERSE VOLTAGE (% OF PIV) 


Forward Current 
vs. Forward Voltage 



Maximum Forward Surge 



1 2 5 10 20 50 100 200 

N — CYCLES OF 60 Hz SIfSIEWAVE 


Thermal Impedance 



tp — PULSE WIDTH (mS) 


Output Current vs. 
Case Temperature 



100 110 120 130 140 150 

Tc — CASE TEMPERATURE (°C) 


Reverse-Recovery Circuit 

50 fi 10 fi 



NOTES: 

1. Oscilloscope: Rise time < 3ns; input impedance = 50fl. 

2. Pulse Generator: Rise time 8ns; source impedance 100. 

3. Current viewing resistor, non-inductive, coaxial recommended. 
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POWER SCHOTTKY MODULES 

lOOA, Up to 50V 


USM140C 

USM145C 

USM150C 

Preliminary 


FEATURES 

• Low Forward Voltage 

• Low Recovered Charge 

• High Reverse Transient Capability 

• High Surge Current 

• High Efficiency for Low Voltage Designs 


DESCRIPTION 

The Unitrode Schottky Module utilizes 
high current Schottky rectifiers, in a 
convenient single package, arranged in a 
common cathode configuration. The 
combination of low thermal resistance and 
high conductance terminals makes this 
device ideally suited for high current full 
wave center-tap rectification or feed- 
forward applications. 


ABSOLUTE MAXIMUM RATINGS (per diode unless noted) 

Working Peak Reverse Voltage, Vrwm 

DC Blocking Voltage, Vr 

Peak Repetitive Surge Voltage, Vrsm 

Peak Repetitive Forward Current 
(Rated Vr, Square Wave, 20KHz 

50 Percent Duty Cycle), Ifrm 

Average Rectified Forward Current, lo 

Non-repetitive Peak Surge Current, Ifsm 

Peak Reverse Transient Current, Irm 

Storage Temperature Range, Tstg 

Operating Temperature Range, Tj 

Thermal Resistance, R<?jbp 


USM140C 

USM145C 

USM150C 

. . 40V 

45V 

50V .. . 

. . 40V 

45V 

50V .. . 

. . 48V 

54V 

60V .. . 


lOOA, 


lOOA (@ Tc = 115®C Fullwave Configuration) 

lOOOA 

2A 

-40®C to + ISO^C 

-40°C to + 175°C 

0.7°C/W per module 


MECHANICAL SPECIFICATIONS 


USM140C USM145C USM150C 



INCHES 

MILLIMETERS 

MIN. 

MAX. 

MIN. 

MAX. 

A 

1.177 

1.197 

20.39 

30.40 

B 

.030 

.035 

.762 

.889 

C 

.365 

.385 

9.27 

9.78 

D 

.370 

.390 

9.40 

9.91 

E 

— 

.880 

— 

22.35 

F 

.160 

.180 

4.06 

4.57 

G 

.270 

.290 

6.87 

7.37 

H 

.151 

.161 

3.84 

4.09 

J 

— 

.188 RAD. 

— 

4.78 RAD. 

K 

.030 

.035 

.762 

.889 

L 

— 

.525 RAD. 

— 

13.34 RAD. 

T 

Tbp Ref. Point - Geometric 

Center of Base Plate 




11/83 


8-50 


UNITRODE 




USM140C USM145C USM150C 


ELECTRICAL CHARACTERISTICS (Tbp = 25°C unless noted) (Per Diode) 


CHARACTERISTICS 

SYMBOL 

CONDITIONS 

LIMIT 

UNITS 

Maximum Instantaneous 

Reverse Current 

iR 

Vr = Vrwm 
(Tbp = 125°C) 

Pulsewidth = 400//$ 

Duty Cycle = 1% 

20 

(75) 

mA 

Maximum Instantaneous 

Forward Voltage 

Vf 

If = 60A 
(Tbp = 125°C) 

Pulsewidth = 300a<s 

Duty Cycle = 1% 

.690 

(.630) 

V 

Maximum Instantaneous 

Forward Voltage 

Vf 

If = lOOA 
(Tbp = 125‘’C) 

Pulsewidth = 300/us 

Duty Cycle = 1% 

.860 

(.775) 

V 

Capacitance 

Ct 

Vr = 5V 

3000 

pF 

Voltage Rate of Change 

dv/dt 

Vr = Vrwm 

1000 

y/fjs 

Reverse Energy 

Irm 

See Reverse Energy Circuit 

2 

A 


Typical Forward Current 
vs Forward Voltage 



0 0.1 0.2 0.3 0.4 0 5 0 6 0.7 0 8 0 9 10 

Vf - FORWARD VOLTAGE (V) 


Output Current vs 



100 no 120 130 140 150 

Tbp - BASE PLATE TEMPERATURE (°C) 


Typical Reverse Current 
vs Reverse Voltage 



0 10 20 30 40 50 60 70 80 90 100 


Vr - REVERSE VOLTAGE (% of Vrwm) 


Reverse Energy Circuit 



tp adjust for desired peak current in D.U.T. when Q turns off. 
Qi must have fall time tf of 100ns max. 
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POWER SCHOTTKY MODULES 

200 A, Up to 50V 


USM20040C 

USM20045C 

USM20050C 

Preliminary 


FEATURES 

• Low Forward Voltage 

• Low Recovered Charge 

• High Reverse Transient Capability 

• High Surge Current 

• High Efficiency for Low Voltage Designs 


DESCRIPTION 

The Unitrode Schottky Module utilizes 
high current Schottky rectifiers, in a 
convenient single package, arranged in a 
common cathode configuration. The 
combination of low thermal resistance and 
high conductance terminals makes this 
device ideally suited for higher current full 
wave center-tap rectification or feed- 
forward applications. 


ABSOLUTE MAXIMUM RATINGS (per diode unless noted) 

Working Peak Reverse Voltage, Vrwm 

DC Blocking Voltage, Vr 

Peak Repetitive Surge Voltage, Vrsm 

Peak Repetitive Forward Current 
(Rated Vr, Square Wave, 20KHz 

50 Percent Duty Cycle). Ifrm 

Average Rectified Forward Current, lo 

Non-repetitive Peak Surge Current, Ifsm 

Peak Reverse Transient Current, Irm 

Storage Temperature Range, Tstg 

Operating Temperature Range, Tj 

Thermal Resistance, Rajbp 

Thermal Resistance, R^jbp 


USM20040C 

USM20045C 

USM20050C 

.... 40V 

45 V 

50V ... . 

. . . . 40V 

45 V 

50V ... . 

48V 

54V 

60V ... . 


200A 


, . . . 200A (@ Tc = 

115°C Fullwave Configuration) 


2000A 



2A , 

. . -40°C to + 175®C . . 
..-40°C to+ 175^ .. 
0.28®C/W per module 
. . 0.56°C/W per leg. . . 


MECHANICAL SPECIFICATIONS 


r 

/rl 

< m 

H 


D 


USM20040C USM20045C USM20050C 

Terminal Torque: 50 (Min.) 75(Max.) lb. — in. 
Mounting Base Torque: 30(Min.) 40(Max.) lb. — in. 


L j J 

.. F 

\ 

^ 1 1 


-m — Wi-< 

G C 


C (ELECTRICALLY COMMON 
TO BASE PLATE) 



INCHES 

MILLIMETERS 


MIN. 

MAX. 

MIN. 

MAX. 

A 


2.63 


66.80 

B 

1.35 

1.40 

34.29 

35.56 

C 

.70 

.80 

17.78 

20.32 

D 


.625 


15.88 

E 

3.14 

3.16 

79.76 

80.26 

F 


3.65 


92.71 

G 

.25 

.27 

6.35 

6.86 

H 

V 4 - 20 UNF With 

Captive Lockwasher 

T 

Tbp Ref. Point - Geometric 
Center of Base Plate 




UNITRODE 
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USM20040C USM20045C USM20050G 


ELECTRICAL CHARACTERISTICS (Tbp = 25°C unless noted) (Per Diode) 


CHARACTERISTICS 

SYMBOL 

CONDITIONS 

LIMIT 

UNITS 

Maximum Instantaneous 

Reverse Current 

in 

Vr = Vrwm 

Pulsewidth = 400/iS 

Duty Cycle = 1% 

(Tbp = 125“C) 

USM20045C 

USM20050C 

mA 

30 

(125) 

30 

(150) 

Maximum Instantaneous 

Forward Voltage 

Vf 

If = lOOA 

Pulsewidth =300AfS 

Duty Cycle =1% 

(Tbp = 125"C) 

(.575) 

V 

Maximum Instantaneous 
Forward Voltage 

Vf 

If = 200A 

Pulsewidth = 300/iS 

Duty Cycle = 1% 

(Tbp = 125°C) 

.800 

(.745) 

V 

Capacitance 

Ct 

Vr = 5V 

6000 

PF 

Voltage Rate of Change 

dv/dt 

Vr = Vrwm 

1000 

V/yWS 

Reverse Energy 

Irm 

See Reverse Energy Circuit 

2 

A 


Typical Forward Current 
vs Forward Voltage 



0 0.1 0.2 0.3 0.4 0.5 0 6 0.7 0.8 0.9 1.0 

Vf - FORWARD VOLTAGE (V) 



100 110 120 130 140 150 

Tbp - BASE PLATE TEMPERATURE (“C) 
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Typical Reverse Current 
vs Reverse Voltage 



0 10 20 30 40 50 60 70 80 90 100 


Vr - REVERSE VOLTAGE (% of Vvrm) 


Reverse Energy Circuit 



tp adjust for desired peak current in D.U.T. when Q turns off. 
Qi must have fall time tf of 100ns max. 
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POWER ZENERS AND TRANSIENT product selection guide 

VOLTAGE SUPPRESSORS 


Transient Voltage Suppressors 


Part No. 

Stand 
. -Off 
Voltage 

Vr 

Min. 

Breakdown • 
Voltage 
BV(m,n» # 1mA 

Max. 

Peak 

Pulse Current 

tpp 

Max. 

Clamping 

Voltage’^ 

Vc <9* Ipp 

Peak 
Power 
for imS 

^ 

(V) 

(V) 

(A) 

<V) 

CW) 



TVS305 

5.0 

6.0 

17 

8.7 




TVS3I0 

100 

11.1 

8.9 

16.8 




TVS312 

120 

13.8 

7 1 

21.0 




TVS315 

15.0 

16 7 

59 

25 




TV$318 

18.0 

20.4 

49 

31 




TVS324 

24.0 

28.4 

3.6 

42 

150 



TVS328 

28.0 

30 7 

3.2 

46 




TVS348 

48.0 

54 

1.7 

82 



I 

TVS360 

60.0 

67 

1.4 

105 




TVS410 

100.0 

111 

.91 

160 




TV$420 

200.0 

234 

.42 

360 




TVS430 

300.0 

342 

.28 

520 




TVS505 

5.0 

6.0 

53.7 

9.3 




TVS510 

10.0 

11.1 

30.3 

16.5 


<?r" 


TVS512 

12.0 

13 8 

23.8 

21.0 

' 



TVS515 

15.0 

16.7 

19.8 

25.2 

500 



TVS518 

18.0 

20.4 

16.3 

30.5 


t§ 


TVS524 

24.0 

28.4 

11.9 

42.0 


1 

>* " 

TV$628 

28.0 

30.7 

10.7 

46.5 



1 

1^6461^*^ 

5.0 

i 5.6 @ 25mA 

56 

9 



cn 

1 1N6462="'^^ 

6.0 

6.5 @ 20mA 

46 

11 




1 1N6463’*'*' 

12.0 

13.6 @ 5mA 

22 

22.6 1 




1 1N6464-- 

15.0 

16.4 @ 5mA 

19 

26.5 ! 




[ 1N6465^- 

24.0 

27.0 @ 2mA 

12 

41.4 1 

ouu 




30.5 

1 33.0 @ 1mA 

11 

47.5 : 




1N6467*- 

40.3 

1 43.7 @ 1mA 

8 

63.5 ' 



1 

1N6468-’^ , 

51.6 

1 54.0 @ 1mA 

6 

78.5 1 



i 

: "O 

1N56I0^ 


33.0 

32.0 

47.5 



\S-\ 



43.7 

24.0 

63.5 

1 nnn 


■■ s:#' 

1N6612="- 


54.0 

19.0 

79.5 

iOUU 


n 

1N5613^ 


191.0 

5.7 

265.0 ! 



“•'Available in JAN & JANTX 
“"“"Available m JAN, JANTX and JANTXV 


Bi-directional Zeners 


Power / 

. iw 


' ... 

Package Sfyle 

.-■'AA 



7.5 

UDZ8807 

UDZ807 

UDZ5807 


aa 

UDZ8808 

UDZ808 

UDZ5808 


9.1 

UDZ8809 

UDZ809 

UDZ5809 


10 

UDZ8810 

UDZ810 

UDZ5810 

n 

d 

•la 

UDZ8812 

UDZ812 

UDZ5812 

E 

m 

15 

UDZ8815 

UDZ815 

UDZ5815 


18 

UDZ8818 

UDZ818 

UDZ5818 


ao 

UDZ8820 

UDZ820 

UDZ5820 

s 

24 

UDZ8824 

UDZ824 

UDZ5824 


27 

UDZ8827 

UDZ827 

UDZ5827 


30 - ■ ■' 

UDZ8830 

UDZ830 

UDZ5830 

W 

E 

■33 ■ 

UDZ8833 

UDZ833 

UDZ5833 


36 

UDZ8836 

UDZ836 

UDZ5836 

j 

40 

UDZ8840 

UDZ840 

UDZ5840 


45 ■■ ■ . 

UDZ8845 

UDZ845 

UDZ5845 


60 

UDZ8860 

UDZ860 

UDZ5860 


CCL 
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POWER ZENERS AND TRANSIENT 
VOLTAGE SUPPRESSORS 


POWER ZENERS 


Power 

IW ' 


3W 

3W 

5W - 

5W 

6W 

low 

Package Style 

A 

A ; = 

A 

A : 

B 

B 

CL 

e 


S.6V 






1N5968* 




6.2V 






1N5969* 




6,av ^ 

UZ8706 

1N4461* 

1N5063 

BZV16C6V8*** 

UZ4706 

1N4954* 

UZ7706L 

UZ7706 


7.6V 

UZ8707 

1N4462* 

1N5064 

BZV16C7V5’^*’^ 

UZ4707 

1N4955* 

UZ7707L 

UZ7707 


;B.2V 

UZ8708 

1N4463* 

1N5065 

BZV16C8V2*** 

UZ4708 

1N4956* 

UZ7708L 

UZ7708 


-g.iv 

UZ8709 

1N4464* 

1N5066 

BZV16C9V1*** 

UZ4709 

1N4957* 

UZ7709L 

UZ7709 


. lOV 

UZ8710 

1N4465* 

1N5067 

BZV16C10 *** 

UZ4710 

1N4958* 

UZ7710L 

UZ7710 


IIV- 

UZ8711 

1N4466* 

1N5068 

BZV16C11*** 


1N4959* 

UZ7711L 

UZ7711 


12V 

UZ8712 

1N4467* 

1N4883 

BZV16C12*** 

UZ4712 

1N4960* 

UZ7712L 

UZ7712 


13V 

UZ8713 

1N4468* 

1N5069 

BZV16C13*** 

UZ4713 

1N496P 

UZ7713L 

UZ7713 


14V 

UZ8714 


1N5070 



1N5118 

UZ7714L 

UZ7714 

f 

16V 

UZ8715 

1N4469* 

1N5071 

BZV16C15*** 

UZ4715 

1N4962* 

UZ7715L 

UZ7715 


m 

UZ8716 

1N4470* 

1N5072 

BZV16C16*** 

UZ4716 

1N4963* 

UZ7716L 

UZ7716 

M 

18V 

UZ8718 

1N4471* 

1N5073 

BZV16C18’^** 

UZ4718 

1N4964* 

UZ7718L 

UZ7718 


20V 

UZ8720 

1N4472* 

1N4884 

BZV16C20*** 

UZ4720 

1N4965* 

UZ7720L 

UZ7720 


22V , 

UZ8722 

1N4473* 

1N5074 

BZV16C22*** 

UZ4722 

1N4966* 

UZ7722L 

UZ7722 

to 

24V 

UZ8724 

1N4474=^ 

1N5075 

BZV16C24*** 

UZ4724 

1N4967=^ 

UZ7724L 

UZ7724 

> 

UJ 

27V 

UZ8727 

1N4475* 

1N5076 

BZV16C27*** 

UZ4727 

1N4968* 

UZ7727L 

UZ7727 

o 

30V 

UZ8730 

1N4476* 

1N5077 

BZV16C30*** 

UZ4730 

1N4969* 

UZ7730L 

1N7730 

t: 

33V 

UZ8733 

1N4477* 

1N5078 

BZV16C33*** 

UZ4733 

1N4970* 

UZ7733L 

UZ7733 

' d 

36V 

UZ8736 

1N4478* 

1N5079 

BZV16C36*** 

UZ4736 

1N4971* 

UZ7736L 

UZ7736 

>■ 

39V 


1N4479* 

1N5080 

BZV16C39*** 

UZ4739 

1N4972’^ 




40V 

UZ8740 


1N5081 



1N5119 

UZ7740L 

UZ7740 


43V 


1N4480* 

1N5082 

BZV16C43*** 

UZ4743 

1N4973* 




45V 

UZ8745 


1N5083 



1N5120 

UZ7745L 

UZ7745 


47V 


1N4481* 

1N5084 

BZV16C47*** 

UZ4747 

1N4974* 




50V 

UZ8750 


1N5085 



1N5121 

UZ7750L 

UZ7750 


51V 


1N4482* 

1N5086 ! 

BZV16C51*** 

UZ4751 

1N4975^ 




56V 

UZ8756 

1N4483^ 

1N5087 

BZV16C56*** 

UZ4756 

1N4976* 

UZ7756L 

UZ7756 


' 60V 

UZ8760 


1N5088 



1N5122 

UZ7760L 

UZ7760 


62V 


1N4484* 

1N5089 

BZV16C62*** 

UZ4762 

1N4977* 




68V 


1N4485* 

1N5090 

BZV16C68*** 

UZ4768 

1N4978* 



PULSE POWER 

- " ' 

lOOW 

140W ; 

23pW,. 

_ 230W ^ 

720W 

900W 

; 2000W 

2000W ^ 


* Available as JAN, JANTX, & JANTXV 
** For lOOfjis pulse width 
t 10% and 20% tolerance also available 
"** Pro Electron Diodes 7% tolerance 
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PRODUCT SELECTION GUIDE 


POWER ZENERS 



Power 

IW 

1.5W 

3W 

3W 

5W 

5W 

. 

6W 

low 



Package Style 

A 

A 

A 

A 

B 

B 

a. 

e 


70V 

UZ8770 


1N5091 



1N5123 

UZ7770L 

UZ7770 


76V 

UZ8775 

1N4486* 

1N5092 

BZV16C75*** 

UZ4775 

1N4979* 

UZ7775L 

UZ7775 


aov 

UZ8780 


1N5093 



1N5124 

UZ7780L 

UZ7780 


82V 


1N4487* 

1N5094 

BZV16C82*** 

UZ4782 

1N4980* 




90V 

UZ8790 


1N4096 



1N5125 

UZ7790L 

UZ7790 


91V 


1N4488* 

1N4095 

BZV16C91*** 

UZ4791 

1N4981* 




lOOV 

UZ8110 

1N4489* 

1N4097 

BZV16C100*** 

UZ4110 

1N4982* 

UZ7110L 

UZ7110 


llOV 

UZ8111 

1N4490* 

1N5096 


UZ4111 

1N4983* 




120V 

UZ8112 

1N4491* 

1N5097 


UZ4112 

1N4984* 




130V 

UZ8113 

1N4492* 

1N5098 


UZ4113 

1N4985* 



8 ■ . 

140V 

UZ8114 


1N5099 






1 

150V 

UZ8115 

1N4493* 

1N5098 


UZ4115 

1N4986* 



160V 

UZ8116 

1N4494* 

1N5100 


UZ4116 

1N4987* 



170 V 

UZ8117 


1N5101 



1N5127 



■iA 

ISOV 

UZ8118 

1N4495* 

1N5102 


UZ4118 

1N4988* 



> ■ 

190V 

UZ8119 


1N5103 



1N5128 



yj 

200V 

UZ8120 

1N4496* 

1N5104 


UZ4120 

1N4989* 



■<3- 

■ ■< ■ 

220V 



1N5105 



1N4990* 



-■ P . ■ 

' -j ■ 

240V 



1N5106 



1N4991* 




260V 



1N5107 



1N5129 

. 




270V 



1N5108 



1N4992* 




280V 



1N5109 



1N5130 




300V 



1N5110 



1N4993* 




320V 



1N5111 



1N5131 




330V 



1N5112 



1N4994* 




340V i 



1N5113 



1N5132 




360V 



1N5114 



1N4995* 




380V 



1N5115 



1N5133 




390V 



1N5116 



1N4996 




400V 



1N5117 



1N5134 



PULSE POWER 

lOOW 1 

140W 

230W 

230W 

720W 1 

^ 900W 

2000W 

; 2000W 






1 






* Available as JAN, JANTX, & JANTXV 
** For 100/ys pulse width 
t 10% and 20% tolerance also available 
*** Pro Electron Diodes 7% tolerance 
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POWER ZENERS 

1.5 Watt, Military 


1N446MN4496 
JANJANTX &JANTXV 


FEATURES 

• 5 Times Greater Surge Rating than 
JAN1N3016 Series 

• Low Reverse Current: to 50nA 

• Va Size of Conventional 1 Watt Zeners 


DESCRIPTION 

Fused-in-glass, metallurgically bonded 
1.5 watt zeners, qualified to Ml L-S-19500/406. 


ABSOLUTE MAXIMUM RATINGS 

Zener Voltage, Vz 

Continuous Current 

Surge Current (8.3ms) 

Surge Power 

Power 

Storage and Operating Temperature 


6.8 to 200V 

See Table 

See Table 

See Graph 

. .. . See Lead Temperature Derating Curve 
-eS'^C to +175°C 


MECHANICAL SPECIFICATIONS 


JAN, JANTX & JANTXV 1N4461-1N4496 


Band indicates P 
cathode end"\ | 


OC 


085" 

klYP-i 
I 2.2mm 




BlCP 


30 


f 

085" MAX. 
2.16mm 


BODY A 


Power Dissipation 

vs. Lead Temperature Derating Curve 



Max. Surge Power 
vs. Surge Duration 


OC 

LjJ 

o 

Q. 


O 

CC 

</) 

x 

< 



1/j.s IQms lOOfj-s 1ms 10ms 
SURGE DURATION 


Typical Zener Impedance 
vs. Zener Current 



ZENER CURRENT (mA) 


1/79 
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JAN, JANTX & JANTXV 1N4461-1N4496 


Type 

Electrical Specifications at 25°C 

Maximum Ratings 

Nominal 
Zener 
Voltage t 
Vz@ IZT 

Test 

Current 

'ZT 

Max. 

Zener Impedance^ 

Voltage ** 
Regulation 
ABV Max 

Maximum Reverse 
Leakage Current 

Maximum 

Cont. 

Current 

IzM 

Maximum 

Surge 

Current? 

Is 

Zz 

@ 

'zT 

ZzK 

@ 

•ZK 

•zK 

Ir(S? V, 

Vr 

±5% 

Tolerance 

Volts 

mA 

Ohms 

Ohms 

mA 

Volts 

mA 

Volts 

mA 

Amps 

1N4461 

6.8 

37 

2.5 

200 

1.0 

.30 

5.0 

4.08 

210 

5.0 

1N4462 

7.5 

34 

2.5 

400 

.5 

.35 

1.0 

4.50 

191 

4.5 

1N4463 

8.2 

31 

3.0 

400 

.5 

.40 

.50 

4.92 

174 

3.9 

1N4464 

9.1 

28 

4.0 

500 

.5 

.45 

.30 

5.46 

157 

3.4 

1N4465 

10 

25 

5.0 

500 

.25 

.50 

.30 

8.0 

143 

3.0 

1N4466 

11 

23 

6.0 

550 

.25 

.55 

.30 

8.8 

130 

2.6 

1N4467 

12 

21 

7.0 

550 

.25 

.60 

.20 

9.6 

119 

2.4 

1N4468 

13 

19 

8.0 

550 

.25 

.65 

.10 

10.4 

no 

2.2 

1N4469 

15 

17 

9.0 

600 

.25 

.75 

.05 

12.0 

95 

1.8 

1N4470 

16 

15.5 

10.0 

600 

.25 

.80 

.05 

12.8 

90 

1.6 

1N4471 

18 

14 

11.0 

650 

.25 

.83 

.05 

14.4 

79 

1.4 

1N4472 

20 

12.5 

12.0 

650 

.25 

.95 

.05 

16.0 

71 

1.2 

1N4473 

22 

11.5 

14 

650 

.25 

1.0 

.05 

17.6 

65 

1.1 

1N4474 

24 

10.5 

16 

700 

.25 

1.1 

.05 

19.2 

60 

.90 

1N4475 

27 

9.5 

18 

700 

.25 

1.3 

.05 

21.6 

53 

.80 

1N4476 

30 

8.5 

20 

750 

.25 

1.4 

.05 

24.0 

48 

.75 

1N4477 

33 

7.5 

25 

800 

.25 

1.5 

.05 

26.4 

43 

.66 

1N4478 

36 

7.0 

27 

850 

.25 

1.7 

.05 

28.8 

40 

.60 

1N4479 

39 

6.5 

30 

900 

.25 

1.8 

.05 

31.2 

37 

.54 

1N4480 

43 

6.0 

40 

950 

.25 

1.9 

.05 

34.4 

33 

.48 

1N4481 

47 

5.5 

50 

1000 

.25 

2.1 

.05 

37.6 

30 

.45 

IN 4482 

51 

5.0 

60 

1100 

.25 

2.3 1 

.05 

40.8 

28 ' 

.42 

IN 4483 

56 

4.5 

70 

1300 

.25 

2.5 ; 

.05 

44.8 

26 1 

.39 

IN 4484 

62 

4.0 

80 

1500 

.25 

2.7 

.05 

49.6 

23 

.35 

1N4485 

68 

3.7 

100 

1700 

.25 

3.0 

.05 

54.4 

21 

.32 

IN 4486 

75 

3.3 

130 

2000 

.25 

3.3 

.05 

60.0 

19 

.29 

IN 4487 

82 

3.0 

160 

2500 

.25 

3.6 

.05 

65.6 

17 1 

.26 

IN 4488 

91 

2.8 

200 

3000 

.25 

4.0 

.05 

72.8 

16 i 

.23 

1N4489 

o 

o 

2.5 

250 

3100 

.25 

4.4 

.25 



.20 

1N4490 

no 

2.0 

300 

4000 

.25 

5.0 

.25 



.19 

1N4491 

120 

2.0 

400 

4500 

.25 

5.5 

.25 



.18 

1N4492 

130 

1.9 

500 

5000 

.25 

6.0 

.25 



.16 

1N4493 

150 

1.7 

700 

6000 

.25 

7.0 

.25 

120 


.14 

1N4494 

160 

1.6 

1000 

6500 

.25 


.25 

128 


.12 

1N4495 

180 

1.4 

1300 

7000 

.25 

10.0 

.25 

144 


.10 

1N4496 

200 

1.2 

1500 

8000 

.25 

12.0 

.25 



.08 


t All Zener voltages are measured with an automated test set using a 35 millisecond test time. Longer or shorter test times will have a corres- 
ponding effect on the measured value due to heating effects. 

§, Zener impedance is derived from the 60 cycle AC Voltage created when AC current with RMS value of 10% of DC Zener test current is superim- 
posed on the test current. 

**ABV is obtained by measuring the voltage change when the test current is changed from 10% to 50% of Iz max under DC conditions. During this 
measurement the leads are heat sunk .375 inch from the body and maintained at 25°C. 

$ Ratings shown are for peak sinusoidal surge current of 8.3 ms duration, non-repetitive. The 8.3 ms square pulse rating is 71% of the value 
shown. Rating exceeds JEDEC Registered Specification. 
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POWER ZENERS 

5 Watt, Military 


1 N4954-1 N4995 
1N5968-1N5969 
JAN, JANTX & JANTXV 
1N4996 


FEATURES 

• 2 Times Greater Surge Rating than Conventional 
10 Watt Zeners 

• Small Physical Size 


DESCRIPTION 

Fused-in-glass, metallurgically-bonded 
5 watt zeners, qualified to Ml L-S -19500/356. 


ABSOLUTE MAXIMUM RATINGS 

Zener Voltage, Vz 

Continuous Current 

Surge Current (8.3ms) 

Surge Power .. . 

Power . 

Storage and Operating Temperature 


5.6 to 390V 

See Table 

See Table 

See Graph 

See Lead Temperature Derating Curve 
. -65°C to +175°C 


MECHANICAL SPECIFICATIONS 


J, JTX, JTXV 1N4954-1N4995 
J, JTX, JTXV 1N5968-1N5969 
1N4996 




Power Dissipation 

vs. Lead Temperature Derating Curve 



0 25 50 75 100 125 150 175 


LEAD TEMPERATURE (X) 


Max. Surge Power 



lOOns Ifis 10/is 100/US 1ms 10ms 

SURGE DURATION 


Typical Zener Impedance 
vs. Zener Current 



' .5 1 5 10 50 100 500 lA 


ZENER CURRENT (mA) 




4/82 
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1N4954-1N4995, 1 N5968-1 N5969, JAN, JANTX & JANTXV, 1N4996 


Electrical Specifications at 25^C 

Maximum Ratings 

Type 

Nominal 

Zener 

Voltaget 

Vz @ 'ZT 

Test 

Current 

'zr 

Maximum Zener Impedance § 

Voltage 
Regulation 
ABV §§ 

Maximum Reverse 
Leakage Current 

Maximum 

Temperature 

Coeff. 

Tc@'zt 

Maximum 
Continuous 
Current ★ 

*ZM 

Maximum 

Surge 

Currents 

's 

Zz@l7T 

Zzxtt 

@ 

1^,. = 1mA 

l«tt 


Vr 

±5% 

Tolerance 

Volts 

mA 

Ohms 

Ohms 

Volts 

mA 

Volts 

%/®c 

mA 

Amps 

1N5968* 

5.6 

220 

1.0 

400 

0.4 

5000 

5000 

4.28 

.04 

865 

20 

1N5969* 

6.2 

220 

1.0 

1000 

0.5 

1000 

1000 

4.74 

.04 

765 

20 

1N4954* 

6.8 

175 

1.0 

1000 

0.7 

150 

300 

5.2 

.05 

700 

40 

1N4955* 

7.5 

175 

1.5 

800 

0.7 

100 

200 

5.7 

.06 

630 

32 

1N4956* 

8.2 

150 

1.5 

600 

0.7 

50 

100 

6.2 

.06 

580 

24 

1N4957* 

9.1 

150 

2.0 

400 

0.7 

25 

50 

6.9 

.06 

520 

22 

1N4958* 

10.0 

125 

2.0 

125 

0.8 

25 

25 

7.6 

.07 

475 

20 

1N4959* 

11 

125 

2.5 

130 


10 

15 

8.4 

.07 

430 

19 

1N4960* 

12 


2.5 


0.8 

10 

10 

9.1 

.07 

395 

18 

1N4961* 

13 

100 


145 

0.8 

10 

10 

9.9 

.08 



1N4962* 

15 

75 

3.5 



5 

5 

11.4 

.08 



1N4963* 

16 

75 

3.5 

155 

1.1 

5 

5 

12.2 

.08 



1N4964* 

18 

65 


160 

1.2 

5 

5 

13.7 

.085 

264 


1N4965* 

20 

65 

4.5 

165 

1.5 

2 

2 

15.2 

.085 

237 


1N4966* 

22 


5.0 


1.8 

2 

2 

16.7 

.085 

216 

7.0 

1N4967* 

24 

50 

5.0 

175 

2.0 

2 

2 

18.2 


198 

6.5 

1N4968* 

27 

50 

6.0 

180 

2.0 

2 

2 

20.6 

.090 

176 

6.0 

1N4969* 

30 

40 

8 

190 

2.5 

2 

2 

22.8 

.090 

158 

5.5 

1N4970* 

33 

40 

10 

200 

2.8 

2 

2 

25.1 

.095 

144 

5.0 

1N4971* 

36 

30 

11 

220 

3.0 

2 

2 

27.4 

.095 

132 

4.5 

1N4972* 

39 

30 

14 

230 

3.0 

2 

2 

29.7 

.095 

122 

4.0 

1N4973* 

43 

30 

20 

240 

3.3 

2 

2 

32.7 

.095 

no 

3.5 

1N4974* 

47 

25 

25 

250 

3.5 

2 

2 

35.8 

.095 

100 

3.2 

1N4975* 

51 

25 

27 

270 

4.0 

2 

2 

38.8 

.095 

92 

3.0 

1N4976* 

56 

20 

35 

320 

4.4 

2 

2 

42.6 

.095 

84 

2.8 

1N4977* 

62 

20 

42 

400 

5.0 

2 

2 

47.1 

.100 

76 

2.5 

1N4978* 

68 

20 

50 

500 

5.5 

2 

2 

51.7 

.100 

70 

2.2 

1N4979* 

75 

20 

55 

620 

6.0 

2 

1 2 

56.0 

.100 

63.0 

2.0 

1N4980* 

82 

15 

80 

720 

6.6 

2 

2 

62.2 

.100 

58.0 

1.8 

1N4981* 

91 

15 

90 

760 

7.5 

2 

2 

69.2 

.100 

52.5 

1.6 

1N4982* 

100 

12 

no 

800 

8.0 

2 

2 

76.0 

.100 

47.5 

1.4 

1N4983* 

no 

12 

125 

1000 

9.0 

2 

2 

83.6 

.100 

43.0 

1.2 

1N4984* 

120 

10 

170 

1150 

10 

2 

2 

91.2 

.100 

39.5 

1.00 

1N4985* 

130 

10 

190 

1250 

11 

2 

2 

98.8 

.105 

36.6 

0.80 

1N4986* 

150 

8 

330 

1500 

13 

2 

2 

114.0 

.105 

31.6 

0.75 

1N4987* 

160 

8 

350 

1650 

14 

2 

2 

121.6 

.105 

29.4 

0.70 

1N4988* 

180 

5 

450 

1750 

16 

2 

2 

136.8 

.110 

26.4 

0.60 

1N4989* 

200 

5 

500 

1850 

18 

2 

2 

152 

.110 

23.6 

0.50 

1N4990* 

220 

5 

550 

2000 

19 

2 

2 

167 

.115 

21.6 

0.50 

1N4991'' 

240 

5 

650 

2050 

22 

2 

2 

182 

.115 

19.8 

0.40 

1N4992* 

270 

5 

800 

2100 

25 

2 

2 

206 

.120 

17.5 

0.35 

1N4993* 

300 

4 

950 

2150 

28 

2 

2 

228 

.120 

15.6 

0.30 

1N4994* 

330 

4 

1175 

2200 

32 

2 

2 

251 

.120 

14.4 

0.25 

1N4995* 

360 

3 

1400 

2300 

35 

2 

2 

274 

.120 

13.0 

0.22 

1N4996 

390 

3 

1800 

2500 

40 

2 

2 

297 

.120 

12.0 

0.20 


* Available as JAN , JANTX & JANTXV . 

t All zener voltages are measured with an automated test set using a 35 msec test time. Longer or shorter test times will have a correspond- 
ing effect on the measured value due to heating effects. 

§ Zener impedance is derived from the 60-cycle voltage created when AC current with RMS value of 10% of DC zener test current is super- 
imposed on the test current. 

§§ABV is obtained by measuring the voltage change when the test current is changed from 10% to 50% of Iz max under DC conditions. Dur- 
ing this measurement the leads are heat sunk .375 inch from the body and maintained at 25®^. 

* Maximum current based on 5 Watt Rating. See lead temperature derating curves for proper mounting methods. 

t Figures shown are for peak sinusoidal surge current of 8.3 msec duration, non-repetitive. The 8.3 ms square pulse rating Is 71% of the value 
shown. 

tt These specifications apply only to JAN and JANTX 
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POWER ZENERS JAN&JANTX1N5610-1N5613 

Transient Suppressor Diodes 


FEATURES 

• 1500 Watts for 1ms Pulse Power Capability 

• Small Physical Size 

• Designed to be Used in Mil-Std-704A Applications 


DESCRIPTION 

Zener diodes with high surge capability 
qualified to MIL-S-19500/434. 


ABSOLUTE MAXIMUM RATINGS (at 25"C except where otherwise noted) 


Zener Voltage 

1N5610 

1N5611 1N5612 

See Electrical Specifications 

1N5613 

Forward Surge Current 

200A . . . 

200A 

200A 

200A 

Zener Surge Current, at 25°C 

32.0A 

24.0A . 

19.0A 

5.7A 

Surge Current, at 150°C 

5.5A 

4.8A . 

3.2A 

l.OA 

Surge Power . ... 

Storage and Operating Temperature 


See Graph 
— 65°C to 

+175°C 



JAN & JANTX 1N5610-1N5613 


.027" 

.034" 



T.OO" 

'min. 


,600" PAINT MAX. 


nfacz]-. 


,185" 

MAX, 


Polarity: Cathode indicated by band. 

Weight: 1,5 gram (approximate). 

Mounting Position: Any. Leads: Tinned Copper. 
Marking: Type number marked on unit. 
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JAN & JANTX 1N5610-1N5613 


ELECTRICAL SPECIFICATIONS (at 25°C unless noted) 


Type 

Min. Zener 
Voltage § 

Vz @ ImA 

Max. Zener 

Voltaget 

Vz @ Is 

Max. 

Reverse 

Leakage 

Current 

|r@v, 

Max. 

Forward 

Voltage^: 

@ 100 Amps 

Typical 

Temperature 

Coefficient 

Volts 

Volts 

Amps 

/^A 

Volts 

Volts 

%rc 

1N5610* 

33.0 

47.5 

32.0 

5.0 

30.5 

4.8 

.093 

1N5611* 

43.7 

63.5 

24.0 

5.0 

40.3 

4.8 

.094 

1N5612* 

54.0 

78.5 

19.0 

5.0 

49.0 

4.8 

.096 

IN 5613* 

191.0 

265.0 

5.7 

5.0 

175.0 

4.8 

.100 


Notes: * Available as JAN and JANTX. 

§ Duration of applied current ^ 300ms, duty cycle ^ 2%. 

t Utilizing a pulse which decays exponentially to 50% of the peak value in 1ms. See graph entitled “Pulse Waveform.” 
$ Peak Sinusoidal surge current of 8.3ms duration, non-repetitive. 


APPLICATIONS 

Voltage transients can be suppressed with series elements, shunt elements, or a 
combination of both. These elements may be passive or active. For low and 
medium power applications, a series resistor and zener clamp offer several 
attractive features: 

1. Simplicity of design 

2. High reliability 

3. Fast response time 

The 1N5610 series of surge suppressors will suppress the following transients 
defined by MIL-S-704A without the use of any series limiting resistance beyond 
that provided by the source: 

1. All 600V transients (category #1 on chart below) 

2. All 80V transients except those generated by the main voltage regulator 
(category #2 on chart below) 

3. The overvoltage transients generated by the main voltage regulator (category 
#3 on chart below) will also be suppressed by the 1N5610 series if: 

a. A 20 ohm series limiting resistor is used, or 

b. No series resistance is used but the zener is protected within 500 by 
using, for example, an SCR crowbar 

The above statements are based on the source impedances and dv/dt characteris- 
tics as given in ARINC* Specification #413. This report entitled "Guidance for 
Aircraft Electrical Power Utilization and Transient Protection” serves to further 
define MIL-STD-704A for large aircraft electrical systems. 


Category 

Source of 
Transient 

Maximum 

Amplitude 

Duration 

Min. Source 
Impedance 

dv/dt 

1. 

Inductive 

Switching 

600 V 

^ 10 fxS 

50 ohms 


2. 

BUS 

Switching 

80 V 

^ 10 ms 

15 ohms 


3. 

Main Voltage 
Regulator 

80 V 

^ 10 ms 

0.2 ohms 

50V/ ms 


These Surge Suppressors are useful in a variety of other applications where semi- 
conductor devices must function reliably in an environment subject to extremely 
high but short term surges. 


* ARINC stands for Aeronautical Radio, Inc. (Annapolis, Maryland 21401) 


Peak Power Rating vs. Pulse Width* 



Pulse Waveform 



12 3 4 

TIME (ms) 


Peak Power Rating* 
vs. Ambient Temperature 



— 25 25 75 125 175 

AMBIENT TEMPERATURE (“C) 


UNITRODE CORPORATION • 5 FORBES ROAD 
LEXINGTON, MA 02173 • TEL. (617) 861-6540 
TWX (710) 326-6509 • TELEX 95-1064 


9-11 


PRINTED IN U.S A. 








TRANSIENT 

VOLTAGE SUPPRESSORS 

500W, Military 


1N646MN6468 
JAN, JANTX & JANTXV 


FEATURES 

• 500W Power Capability for 1ms pulse 

• Glass Encapsulated Device 

• Clamping Time in Picoseconds 


DESCRIPTION 

Transient voltage suppressor of noncavity 
design and qualified to MIL'S-19500/551, 
Metallurgically bonded for high reliabilty. 


ABSOLUTE MAXIMUM RATINGS @ 25°C 

Stand-off Voltage, Vr 5.0V to 51.6V 

Peak Pulse Power (1ms)*, Ppr 500W 

Forward Surge Current @ tp = 8.33ms, Ifsm 80A(pk) 

Peak Pulse Current see table 

Breakdown Voltage see table 

Power, Continuous (Derate @ 16.7mW/°C above Ta = 25°C), Pr 2.5W 

Storage Temperature -55®C to +200°C 

Operating Temperature -55°C to +175°C 


*See Figure 2 for Peak Pulse Power vs. Pulse Duration. 


MECHANICAL SPECIFICATIONS 


J, JTX & JTXV 1N6461-1N6468 


.040" f .001 



BODY B 


§ 


4/82 
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JAN, JANTX & JANTXV 1N646MN6468 


ELECTRICAL SPECIFICATIONS @ 25‘’C 


Part No. 

Stand-off 

Voltage 

Vr 

Min. 

Breakdown 

Voltage 

@ Ibr 

Test Current 

Ibr @ 

tp = 300ms 
Duty Cycle < 2% 

Max. 

Leakage 

Current 

Ir @ Vr 

Max Peak Pulse Current 

Ipp 

Max. 

Clamping 
Voltage 
(Vc max) 

@ Ipp 

for tp = Ims 

Max. 

Clamping 
Voltage 
@ Ipp 
(tp = Ims) 
Inverse 
Voltage 

“V c Max 

Max. 

Temperature 

Coefficient 

oc V,bR) 

tp = 1ms 
tr = 10/US 
(Fig 3) 

tp = 20/US 
tr = 8/us 
(Fig. 4) 


V 

V 

mA 

aA 

A(pk) 

A(pk) 

V 

V 

%/°C 

1N6461 

5.0 

5.6 

25 

3000 

56 

315 

9.0 

-3.5 

0.040 

1N6462 

6.0 

6.5 

20 

2500 

46 

258 

11.0 

-3.2 

0.040 

1N6463 

12.0 

13.6 

5 

500 

22 

125 

22.6 

-3.8 

0.050 

IN 6464 

15.0 

16.4 

5 

500 

19 

107 

26.5 

-3.8 

0.060 

1N6465 

24.0 

27.0 

2 

50 

12 

69 

41.4 

-3.6 

0.084 

1N6466 

30.5 

33.0 

1 

3 

11 

63 

47.5 

-3.6 

0.093 

1N6467 

40.3 

43.7 

1 

2 

8 

45 

63.5 

-3.5 

0.094 

1N6468 

51.6 

54.0 

1 

2 

6 

35 

78.5 

-3.4 

0.096 


1. Derating Curve 



0 50 100 150 200 250 

TEMPERATURE (°C) 


Peak Pulse Power vs. 
2. Pulse Duration 



lOOns 1/iS lO/js 100/js 1ms 10ms 
PULSE TIME (tp) 


3. Current Impulse Waveform 



4. Current Impulse Waveform 
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TRANSIENT 

VOLTAGE SUPPRESSORS 


TVS305-TVS430 

TVS505-TVS528 


FEATURES 

• Up to 500W for ImS Pulse Power 
Capability 

• Clamping Time in Picoseconds 

• Direct Applicability for all popular 
Microprocessors and 1C families 

• Metallurgically bonded assembly system 
to assure long term reliability 

• Miniature glass encased hermetically 
sealed package 


DESCRIPTION 

Unitrode’s TVS series of transient 
voltage suppressors feature oxide 
passivated zener type chips with full- 
faced metallurgical bonds on both sides to 
achieve high surge capability and negli- 
gible electrical degradation under repeated 
surge conditions. The series is especially 
useful in protecting microprocessor, MOS, 
CMOS, TTL, Schottky TTL, ECL, PL and 
linear integrated circuits from spurious 
transient disturbances. 


ABSOLUTE MAXIMUM RATINGS @ 25°C 

TVS305-TVS430 

Stand-off Voltage, Vr 5 to 300V 

Peak Pulse Power (ImS)* 150W 

Forward Surge Current (8.3mS half sinewave) 15A 

Peak Pulse Current See Table 

Breakdown Voltage See Table 

Power, Continuous 3W 

Storage and Operating Temperature -65 to + 175°C 


TVS505-TVS528 
.. 5.0V to 28.0V 

500W 

50A 

See Table 

See Table 

5W 

-65to+175°C 


*See Figures 3 and 4 for Peak Pulse Power vs Pulse Duration. 


MECHANICAL SPECIFICATIONS 


1 

Band indicates 
cathode end 

L 155" TYP 
r" 3 9mm 

028" -1 001 

0 71mm Ji.03 



TVS305 Series 

f — 

055" TYP 
1.4mm 

I 

3c:: 

^ 700" MIN 
17.8mm 

085" 

kTYP-* 
1 2 2mm 

250" MA> 

6.35mm 
1.625" MU 



V 


085" MAX. 

2.16mm 

1 


41 4mm 



MECHANICAL SPECIFICATIONS 


TVS505 Series 


.040" ± .001 



BODYB 



) 
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ELECTRICAL SPECIFICATIONS @ 25°C 


TVS 305-TVS 430 
TVS 505-TVS 528 


TVS 

Part No. 

stand 

-Off 

Voltage 

Vr 

Min. 

Breakdown 
Voltage 
(a ImA 

Max. 

Leakage 

Current 

Ir@Vr 

Max. 

Peak 

Pulse Current* 

*pp 

Max. 

Clamping 

Voltage* 

Vc @ Ipp 

Max. 

Clamping 

Voltage* 

Vc @ lA 

Max. 

Clamping 

Voltage* 

Vc@ 

5A lOA 


V 

V 

/.A 

A 

V 

V 

V 

TVS305 

5.0 

6.0 

50 

17 

8.7 






TVS310 

10.0 

11.1 

2 

8.9 

16.8 

— 

— 

— 

TVS312 

12 

13.8 

1 

7.1 

21.0 

— 

— 

— 

TVS315 

15 

16.7 

1 

5.9 

25 


— 

— 

TVS318 

18 

20.4 

1 

4.9 

31 


— 

— 

TVS324 

24 

28.4 

1 

3.6 

42 


__ 

— 

TVS328 

28 

30.7 

1 

3.2 

46 

— 

— 

— 

TVS348 

48 

54 

1 

1.7 

82 

— 

— 

_ 

TVS360 

60 

67 

1 

1.4 

105 

— 

— 

— 

TVS410 

100 

111 

1 

.91 

160 

_ 

— 

— 

TVS420 

200 

234 

1 

.42 

360 

_ 

_ 

_ 

TVS430 

300 

342 

1 

.28 

520 

— 





TVS505 

5.0 

6.0 

300 

53.7 

9.3 

7.4 

_ 

7.9 

TVS510 

10.0 

11.1 

5 

30.3 

16.5 

13.2 

_ 

14.4 

TVS512 

12.0 

13.8 

5 

23.8 

21.0 

16.5 

— 

18.5 

TVS515 

15.0 

16.7 

5 

19.8 

25.2 

19.7 

— 

22.2 

TVS518 

18.0 

20.4 

5 

16.3 

30.5 

23.8 

26.0 

— 

TVS524 

24.0 

1 28.4 

5 

11.9 

42.0 

32.4 

37.0 

— 

TVS528 

1 28.0 

30.7 

1 5 

10.7 

46.5 1 

35.9 

41.0 

— 


•For ImS pulse: see Figure 1. 
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1. Pulse Waveform 2. Derating Curve 



1 2 3 4 0 50 100 150 200 

t — TIME (ms) TEMPERATURE (X) 
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CAPACITANCE g PEAK PULSE POWER (KW) 


TVS305-TVS430 

TVS505.TVS528 


3. Peak Pulse Power vs. Pulse Duration 


4. Peak Pulse Power vs. Pulse Duration 



PULSE TIME (tp) 



PULSE TIME (tp) 


5. Capacitance vs. Stand-Off Voltage 



1 10 100 
Vr — STAND-OFF VOLTAGE — (V) 
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TVS305-TVS430 

TVS505-TVS528 


CHOOSING AND SPECIFYING THE PROPER TVS 


The following terms are generally used in specifying Transient Voltage Suppressors (TVS): 

1. Stand-off Voltage (Vr) is the highest reverse voltage at which the TVS will be non-conducting. 

2. Minimum Breakdown Voltage (BV min) is the reverse voltage at which the TVS conducts 
1 milli-amp. This is the point where the TVS begins to limit the transient. 

3. Maximum Clamping Voltage (Vc max) is the maximum voltage the TVS will allow during a 
transient "spike.” 

Figure 7 graphically shows all three terms. 



Figure 7 


The three most Important factors In choosing the appropriate TVS for an application in their order 
of importance are: 

1. Pulse power (Pp) — Choose the TVS series that will handle the Transient Pulse Power. 
Transient Pulse Power is equal to the clamping voltage (Vc) times the peak pulse current 
(ipp). The pulse duration vs. pulse power graph on the TVS data sheet can then be used to 
determine the maximum allowable pulse duration. (Figure 3 or 4). 

2. Standoff voltage (Vr) — From the TVS series selected, choose the device with the stand-off 
voltage equal to or greater than the normal circuit operating voltage. 

3. Maximum Clamping Voltage (Vcmax) — Determine the clamping voltage of the device chosen for the 
transient given and be sure it is below the voltage that might damage any components. 

For further information see Unitrode Application Note U-79, “Guidelines for Using Transient Voltage 

Suppressors.” 
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AC POWER ZENERS 

1, 3 and 5 Watt Types 


UDZ807 SERIES 
UDZ5807 SERIES 
UDZ8807 SERIES 


FEATURES 

• Zener Characteristics in Both Directions 

• 7.5 to GOV 

• High Surge Ratings 

• Small Physical Size 


DESCRIPTION 

These devices consist of two f used-in-glass 
zeners brazed cathode to cathode to provide 
zener action in both directions. 


ABSOLUTE MAXIMUM RATINGS 

Zener Voltage . ... 7.5 to GOV 

Continuous Current . . .. See Tables 

Surge Current (8.3ms) See Tables 

Surge Power See Graph 

Power See Data Sheets for Related Series 

(UZ8807, UZ807 and UZ5807) 

Storage and Operating Temperature . . .... . — 65°C to -f 175°C 


MECHANICAL SPECIFICATIONS 


UDZ807 SERIES UDZ5807 SERIES UDZ8807 SERIES 






n 

□□ B 

> 

J 

1 




MARKING: “D,” followed by last 3 to 4 
digits and part number. 
Example: 7.5 volt ±10%, 
1 watt type would be 
marked: “08807”. 



Dimensions 

1 Watt UDZ8807 Series 



ins. 

mm 

A 

450 MAX. 

11.43 MAX. 

B 

085 MAX. 

2.16 MAX. 

C 

275 TYP 

6.99 TYP. 

D 

.028 ± .001 

71 ± .03 

E 

700 MIN 

17 78 MIN. 


3 Watt UDZ807 Series 



ins. 

mm 

A 

.450 MAX. 

11.43 MAX. 

B 

.085 MAX. 

2.16 MAX. 

C 

.275 TYP. 

6.99 TYP. 

D 

.028 ± .001 

.71 ± .03 

E 

.700 MIN. 

17.78 MIN. 


5 Watt UDZ5807 Series 



ins. 

mm 

A 

.500 MAX. 

12.70 MAX. 

B 

.145 MAX. 

3.68 MAX. 

C 

.325 TYP. 

8.26 TYP. 

D 

.040 ± .001 

1.02 ± .03 

E 

.975 MIN. 

24.77 MIN. 
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UDZ807 SERIES UDZ5807 SERIES UDZ8807 SERIES 


Type 

Electrical Specifications at 25°C | 

Maximum Ratings** | 

Nominal 

Zener 

Voltage! 

Vz @ IZT 

Test 

Current 

IZT 

Max. Zener Imped § 

Maximum 

Leakage @ Reverse Voltage • 

Current ±10% ±5% 

Maximum 

Cont, 

Current 

IZM 

Maximum 

Surge 

Current! 

Is 

Zz 

@ 

IZT 

±10% 

Tolerance* 

Volts 

mA 

Ohms 

mA 

Volts 

Volts 

mA 

Amps 

1 WATT ZENERS — Specifications apply for both directions. 

UDZ8807 

7.5 

34 

6 

50 

4.9 

5.2 

125 

5 

UDZ8808 

8.2 

31 

7 

30 

5.4 

5.7 

115 

4.5 

UDZ8809 

9.1 

28 

8 

10 

5.9 

6.2 

105 

3.9 

UDZ8810 

10 

25 

8.5 

3 

6.6 

6.9 

95 

3.37 

UDZ8812 

12 

23 

9 

1 

8.6 

9.1 

85 

2.25 

UDZ8815 

15 

17 

14 

0.5 

10.8 

11.4 

63 

1.65 

UDZ8818 

18 

14 

20 

0.5 

12.9 

13.7 

52 

1.12 

UDZ8820 

20 

12.5 

23 

0.5 

14.4 

15.2 

47 

1.12 

UDZ8824 

24 

10.5 

25 

0.5 

17.3 

18.2 

40 

0.825 

UDZ8827 

27 

9.5 

35 

0.5 

19.4 

20.6 

35 

0.825 

UDZ8830 

30 

8.5 

40 

0.5 

21.6 

22.8 

31 

0.825 

UDZ8833 

33 

7.5 

45 

0.5 

23.7 

25.1 

28 

0.675 

UDZ8836 

36 

7.0 

50 

0.5 

25.9 

27.4 

26 

0.562 

UDZ8840 

40 

6.5 

62 

0.5 

28.8 

30.4 

24 

0.562 

UDZ8845 

45 

6 

75 

0.5 

32.4 

34.2 

22 

0.450 

UDZ8860 

60 

4 

125 

0.5 

43.2 

45.6 

15 

0.337 

3 WATT ZENERS — Specifications apply for both directions. | 

UDZ807 

7.5 

75 

3 

500 

4.9 

5.2 

400 

10 

UDZ808 

8.2 

75 

4 

300 

5.4 

5.7 

360 

8 

UDZ809 

9.1 

75 

4 

200 

5.9 

6.2 

330 

7 

UDZ810 

10 

75 

5 

100 

6.6 

6.9 

300 

5 

UDZ812 

12 

65 

5 

10 

8.6 

9.1 

250 

4 

UDZ815 

15 

50 

6 

10 

10.8 

11.4 

200 

3 

UDZ818 

18 

40 

8 

5 

12.9 

13.7 

170 

2 

UDZ820 

20 

40 

9 

5 

14.4 

15.2 

150 

2 

UDZ824 

24 

30 

10 

5 

17.3 

18.2 

125 

1.5 

UDZ827 

27 

25 

12 

1 

19.4 

20.6 

no 

1.5 

UDZ830 

30 

25 

15 

1 

21.6 

22.8 

100 

1.5 

UDZ833 

33 

20 

21 

1 

23.7 

25.1 

90 

1.2 

UDZ836 

36 

20 

21 

1 

25.9 

27.4 

85 

1 

UDZ840 

40 

20 

27 

1 

28.8 

30.4 

75 

1 

UDZ845 

45 

15 

37 

1 

32.4 

34.7 

65 

0.8 

UDZ860 

60 

10 

70 

1 

43.2 

45.6 

50 

0.6 


*For ±5% voltage tolerance change the 3rd number from the right from 8 to 7 i.e. UDZ8807 to UDZ8707, etc. 

tAII zener voltages are measured with an automated test set using a 35ms test time. Longer or shorter test times will have a corresponding 

■ effect on the measured value due to heating effects. 

§Zener impedance is derived from the 60-cycle voltage created when AC current with RMS value of 10% of DC zener test current is superim- 
posed on the test current. 

**D.C. Ratings are based on the lead temperature conditions shown in the data sheets covering the UDZ8807, UDZ807, and UDZ5807 
series devices. Other conditions will affect the power ratings of all the families except the 1 watt zener family. However, the surge values 
given apply for any mounting conditions including printed circuit board mounting. 

tFigures shown are for peak sinusoidal surge current of 8.3ms duration using 60 cycle AC. The 8.3ms square pulse rating is 71% of the value 
shown. 


Typical Reverse Surge Power 
vs. Surge Duration 
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UDZ807 SERIES UDZ5807 SERIES UDZ8807 SERIES 


Type 

Electrical Specifications at 25°C 

Maximum Ratings** 

Nominal 
Zener 
Voltage t 

Vz @ IZT 

Test 

Current 

IZT 

Max. Zener Imped § 

Maximum 
Leakage @ 
Current 

Reverse Voltage 

±10% ±5% 

Maximum 

Cont. 

Current 

IZM 

Maximum 
Surge 
Current t 

Is 

Zz 

@ 

IZT 

±10% 

Tolerance* 

Volts 

mA 

Ohms 

mA 

Volts 

Volts 

mA 

Amps 

5 WATT ZENERS — Specifications apply for both directions. 1 

UDZ5807 

7.5 

175 

1.8 

500 

4.9 

5.2 

620 

40 

UDZ5808 

8.2 

150 

1.8 

400 

5.4 

5.7 

570 

32 

UDZ5809 

9.1 

150 

2.5 

200 

5.9 

6.2 

510 

24 

UDZ5810 

10 

125 

2.5 

100 

6.6 

6.9 

470 

22 

UDZ5812 

12 

100 

2.5 

50 

8.6 

9.1 

385 

18 

UDZ5815 

15 

75 

3.5 

15 

10.8 

11.4 

300 

12 

UDZ5818 

18 

65 

4 

10 

12.9 

13.7 

255 

9 

UDZ5820 

20 

65 

4.5 

10 

14.4 

15.2 

220 

8 

UDZ5824 

24 

50 

5 

10 

17.3 

18.2 

180 

6.5 

UDZ5827 

27 

50 

6 

10 

19.4 

20.6 

155 

6 

UDZ5830 

30 

40 

8 

10 

21.6 

22.8 

140 

5.5 

UDZ5833 

33 

40 

10 

5 

23.7 

25.1 

130 

5 

UDZ5836 

36 

30 

11 

5 

25.9 

27.4 

120 

4.5 

UDZ5840 

40 

30 

14 

5 

28.8 

30.4 

105 

4 

UDZ5845 

45 

30 

20 

5 

32.4 

34.2 

95 

3.5 

UDZ5860 

60 

20 

40 

5 

43.2 

45.6 

75 

2.5 


*For ±5% voltage tolerance change the 3rd number from the right from 8 to 7 i.e. UDZ8807 to UDZ8707, etc. 

tAII zener voltages are measured with an automated test set using a 35ms test time. Longer or shorter test times will have a corresponding 
effect on the measured value due to heating effects. 

§Zener impedance is derived from the 60-cycle voltage created when AC current with RMS value of 10% of DC zener test current is superim- 
posed on the test current. 

**D.C. Ratings are based on the lead temperature conditions shown in the data sheets covering the UDZ8807, UDZ807, and UDZ5807 
series devices. Other conditions will affect the power ratings of all the families except the 1 watt zener family. However, the surge values 
given apply for any mounting conditions including printed circuit board mounting. 

:j:Figures shown are for peak sinusoidal surge current of 8.3ms duration using 60 cycle AC. The 8.3ms square pulse rating is 71% of the value 
shown. 
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POWER ZENERS 

3 Watt 


UZ706 SERIES 
UZ806 SERIES 


FEATURES 

• 10 Times Greater Surge Rating than Conventional 
1 Watt Types 

• Small Physical Size 


DESCRIPTION 

Fused-in-glass metallurgically bonded 
3 watt zener diodes. 


ABSOLUTE MAXIMUM RATINGS 

Zener Voltage, Vz 
Continuous Current 
Surge Current (8.3ms) 

Surge Power 
Power 

Storage and Operating Temperature 


6.8 to 400V 
See Table 
See Table 
See Graph 

See Lead Temperature Derating Curve 
— 65°C to +175°C 



Power Dissipation 

vs. Lead Temperature Derating Curve 
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vs. Zener Current 
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UZ706 SERIES UZ806 SERIES 





Electrical Specifications at 25°C 



Maximum Ratings 


* 

Nominal 

Test 

Current 

*ZT 

Max. Zener 
Impedance § 

Maximum Reverse 
Leakage Current 

Typ. 

Maximum 

Maximum 

Type 

Zener 
Voltage t 

Vz@lzT 

Zz@lzT 


± 5% 
Vr 

± 10% 
Vr 

Temp. 

Coefficient 

Tc @ 1,, 

Continuous 
Current ★ 

*ZM 

Surge 

Current^ 

's 

±5% 

Tolerance 

Jedec** 

Registration 

Volts 

mA 

Ohms 

aA 

Volts 

Volts 

%/X 

mA 

Amps 

UZ706 

IN 5063 

6.8 

75 

2 

500 

5.2 

4.9 

.04 

440 

10.0 

UZ707 

IN 5064 

7.5 

75 

2 

300 

5.7 

5.4 

.04 

400 

8.0 

UZ708 

1N5065 

8.2 

75 

3 

200 

6.2 

5.9 

.05 

360 

7.0 

UZ709 

1N5066 

9.1 

75 

3 

100 

6.9 

6.6 

.05 

330 

6.0 

UZ710 

1N5067 

10.0 

75 

4 

40 

7.6 

7.2 

.06 

300 

5.0 

UZ712 

1N4883 

12 

65 

5 

10 

9.1 

8.6 

.07 

250 

4.0 

UZ713 

1N5069 

13 

50 

6 

10 

9.9 

9.3 

.07 

230 

4.0 

UZ714 

IN 5070 

14 

50 

6 

10 

10.6 

10.1 

.07 

210 

4.0 

UZ715 

1N5071 

15 

50 

6 

10 

11.4 

10.8 

.07 

200 

3.0 

UZ716 

1N5072 

16 

50 

7 

5 

12.2 

11.5 

.07 

185 

3.0 

UZ718 

1N5073 

18 

40 

8 

5 

13.7 

12.9 

.08 

170 

2.0 

UZ720 

1N4884 

20 

40 

9 

5 

15.2 

14.4 

.08 

150 

2.0 

UZ722 

1N5074 

22 

30 

10 

5 

16.7 

15.8 

.08 

135 

2.0 

UZ724 

IN 5075 

24 

30 

10 

5 

18.2 

17.3 

.08 

125 

1.5 

UZ727 

IN 5076 

27 

25 

12 

1 

20.6 

19.4 

.09 

no 

1.5 

UZ730 

IN 5077 

30 

25 

15 

1 

22.8 

21.6 

.090 

100 

1.5 

UZ733 

IN 5078 

33 

20 

21 

1 

25.1 

23.7 

.090 

90 

1.2 

UZ736 

1N5079 

36 

20 

21 

1 

27.4 

25.9 

.090 

85 

1.0 

UZ740 

1N5081 

40 

20 

27 

1 

30.4 

28.8 

.095 

75 

1.0 

UZ745 

1N5083 

45 

15 

37 

1 

34.2 

32.4 

.095 

65 

0.8 

UZ750 

1N5085 

50 

15 

50 

1 

38.0 

36.0 

.095 

60 

0.8 

UZ756 

1N5087 

56 

10 

70 

1 

42.6 

40.3 

.095 

55 

0.7 

UZ760 

1N5088 

60 

10 

70 

1 

45.7 

43.2 

.095 

1 50 

0.6 

UZ770 

1N5091 

70 

10 

90 

1 

53.3 

50.5 

.095 

1 45 

0.6 

UZ775 

IN 5092 

75 

10 

100 

1 

56.0 

54.0 

.095 

40 

0.5 

UZ780 

1N5093 

80 

10 

115 

1 

60.8 

57.7 

.095 

35 

0.4 

UZ790 

1N4096 

90 

1 8.0 

150 

1 

68.5 

64.8 

.095 

30 

0.4 

UZllO 

1N4097 

100 

1 5.0 

175 

1 

76.0 

72.0 

.100 

30 

0.4 

UZlll 

1N5096 

110 

5.0 

250 

1 

83.6 

79.2 

.100 

25 

0.3 

UZ112 

1N5097 

120 

j 5.0 

325 

1 

91.2 

86.4 

.100 

25 

0.2 

UZ113 

1N5098 

130 

5.0 

375 

1 

98.8 

93.6 

.100 

20 

0.20 

UZ114 

1N5099 

140 

5.0 

550 

1 

106 

101 

.100 

20 

0.20 

UZ115 

1N4098 

150 

5.0 

650 

1 

114 

108 

.100 

20 

0.20 

UZ116 

1N5100 

160 

4.0 

700 

1 

122 

115 

.100 

20 

0.15 

UZ117 

1N5101 

170 

4.0 

750 

1 

129 

122 

.100 

18 

0.15 

UZ118 

1N5102 

180 

4.0 

850 

1 

137 

129 

.100 

18 

0.10 

UZ119 

1N5103 

190 

4.0 

900 

1 

144 

137 

.100 

15 

0.10 

UZ120 

IN 5104 

200 

4.0 

950 

1 

152 

144 

.100 

15 

0.10 

UZ122 

1N5105 

220 

3.0 

1100 

1 

167 

158 

.100 

15 

0.09 

UZ124 

1N5106 

240 

3.0 

1300 

1 

182 

173 

.105 

12 

0.09 

UZ126 

1N5107 

260 

3.0 

1500 

1 

198 

187 

.105 

12 

0.08 

UZ128 

1N5109 

280 

3.0 

1700 

1 

213 

202 

.105 

10 

0.08 

UZ130 

1N5110 

300 

3.0 

1900 

1 

228 

216 

.105 

10 

0.07 

UZ132 

1N5111 

320 

2.0 

2100 

1 

243 

230 

.105 

9 

0.07 

UZ134 

1N5113 

340 

2.0 

2400 

1 

258 

245 

.110 

9 

0.06 

UZ136 

1N5114 

360 

2.0 

2700 

1 

274 

259 

.110 

8 

0.06 

UZ138 

1N5115 

380 

2.0 

3000 

1 

289 

274 

.110 

8 

0.06 

UZ140 

1N5117 

400 

2.0 

3500 

1 

304 

288 

1 

.110 

7 

0.06 


Specify 20% voltage tolerance by changing first numeral of type number from 7 to 9. (UZ709 becomes UZ909) or from 1 to 3 (UZlll be- 
comes UZ311). 

Specify 10% voltage tolerance by changing first numeral of type number from 7 to 8. (UZ709 becomes UZ809) or from 1 to 2 (UZlll becomes 
UZ211). 

** Jedec registration applies to ±5% tolerance zeners only. 

t All zener voltages are measured with an automated test set using a 35 ms test time. Longer or shorter test times will' have a corresponding 
effect on the measured value due to heating effects. 

§ Zener impedance is derived from the 60-cycle AC voltage created when AC current with RMS value of 10% of DC zener test current is super- 
imposed on the test current. 

* Maximum current based on 3 watt rating. See lead temperature derating curves for proper mounting methods. 

t Figures shown are for a peak sinusoidal surge current of 8.3ms duration using 60 cycle AC. The 8.3ms square pulse rating is 71% of 
the value shown. 
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POWER ZENERS 

5 Watt, Industrial 


UZ4706 SERIES 
UZ4806 SERIES 


FEATURES 

• 2 Times Greater Surge 
Rating than Plastic Types 

• Small Physical Size 

• Impervious to Moisture 


DESCRIPTION 

Fused-in-glass 5 watt zeners with the same 
electrical specs as the 1N5342-1N5388 
series. 


ABSOLUTE MAXIMUM RATINGS 

Zener Voltage, Vz 

Continuous Current 

Surge Current (8.3ms) 

Surge Power 

Power 

Storage and Operating Temperature 


6.8 to 200V 

See Table 

See Table 

See Graph 

Sep I ead Temperature Derating Curve 
-65°C to 4-175°C 







UZ4706 SERIES UZ4806 SERIES 


Type 

Electrical Specifications at 25°C 

Maximum Ratings 

Nominal 
Zener 
Voltage t 

Vz @ IZT 

Test 

Current 

IZT 

Max. Zener Impedance § 

Reverse Voltage 

Maximum 

Cont. 

Current 

IZM 

Maximum 
Surge 
Current t 

Is 

Zz 

@ 

IZT 

ZZK 

@ 

IzK = ImA 

Maximum 

Leakage @ Reverse Vo 
Current ±10% 

tage 

±5% 

±5% 

Tolerance 

±10% 

Tolerance 

Volts 

mA 

Ohms 

Ohms 

fiA 

Volts 

Volts 

mA 

Amps 

UZ4706 

UZ4806 

6.8 

175 

1 

1000 

500 

4.9 

5.2 

675 

32 

UZ4707 

UZ4807 

7.5 

175 

1.5 

800 

400 

5.4 

5.7 

620 

26.5 

UZ4708 

UZ4808 

8.2 

150 

1.5 

600 

200 

5.9 

6.2 

570 

19.2 

UZ4709 

UZ4809 

9.1 

150 

2 

400 

100 

6.6 

6.9 

510 

17.6 

UZ4710 

UZ4810 

10 

125 

2 

125 

75 

7.2 

7.6 

470 

16 

UZ4712 

UZ4812 

12 

100 

2.5 

140 

50 

8.6 

9.1 

385 

14.4 

UZ4713 

UZ4813 

13 

100 

3 

145 

25 

9.3 

9.9 

350 

12.8 

UZ4715 

UZ4815 

15 

75 

3.5 

150 

15 

10.8 

11.4 

300 

9.6 

UZ4716 

UZ4816 

16 

75 

3.5 

155 

10 

11.5 

12.2 

275 

8 

UZ4718 

UZ4818 

18 

65 

4 

160 

10 

12.9 

13.7 

255 

7.2 

UZ4720 

UZ4820 

20 

65 

4.5 

165 

10 

14.4 

15.2 

220 

6.4 

UZ4722 

UZ4822 

22 

50 

5 

170 

10 

15.8 

16.7 

195 

5.6 

UZ4724 

UZ4824 

24 

50 

5 

175 

10 

17.3 

18.2 

180 

5.2 

UZ4727 

UZ4827 

27 

50 

6 

180 

10 

19.4 

20.6 

155 

4.8 

UZ4730 

UZ4830 

30 

40 

8 

190 

10 

21.6 

22.8 

140 

4.4 

UZ4733 

UZ4833 

33 

40 

10 

200 

5 

23.7 

25.1 

130 

4.0 

UZ4736 

UZ4836 

36 

30 

11 

220 

5 

25.9 

27.4 

120 ! 

3.6 

UZ4739 

UZ4839 

39 

30 

14 

230 

5 

28.1 

29.7 

105 

3.2 

UZ4743 

UZ4843 

43 

30 

20 

240 

5 

31 

32.7 

100 

2.8 

UZ4747 

UZ4847 

47 

25 

25 

250 

5 

33.8 

35.8 

96 

2.6 

UZ4751 

UZ4851 

51 

25 

27 

270 

5 

36.7 

38.8 

85 

2.4 

UZ4756 

UZ4856 

56 

20 

35 

320 

5 

40.3 

42.6 

81 

2.2 

UZ4762 

UZ4862 

62 

20 

42 

400 

5 

44.6 

47.1 

73 

2.0 

UZ4768 

UZ4868 

68 

20 

50 

500 

5 

49.0 

51.7 

61 

1.8 

UZ4775 

UZ4875 

75 

20 

55 

620 

5 

54.0 

56 

60 

1.6 

UZ4782 

UZ4882 

82 

15 

80 

720 

5 

59.0 

62.2 

55 

1.4 

UZ4791 

UZ4891 

91 

15 

90 

760 

5 

65.5 

69.2 

50 

1.3 

UZ4110 

UZ4210 

100 

12 

100 

800 

5 

72.0 

76.0 

45 

1.1 

UZ4111 

UZ4211 

no 

12 

125 

1000 

5 

79.2 

83.6 

40 

1.0 

UZ4112 . 

UZ4212 

120 

10 

170 

1150 

5 

86.4 

91.2 ! 

38 

.8 

UZ4113 

UZ4213 

130 

10 

190 

1250 

5 

93.6 

98.8 

35 

.64 

UZ4115 

UZ4215 

150 

8 

330 

1500 

5 

108 

114.0 

31 

.60 

UZ4116 

UZ4216 

160 

8 

350 

1650 

5 

115 

121.6 

30 

.56 

UZ4118 

UZ4218 

180 

5 

450 

1750 

5 

129 

136.8 

25 

.48 

UZ4120 

UZ4220 

200 

5 

500 

1850 

5 

144 

152.0 

22 

.40 


Maximum Vf @ 1.0 Amp = 1.2 Volts for all types 

tAII zener voltages are measured with an automated test set using a 35 ms test time. Longer or shorter test times will have a 
corresponding effect on the measured value due to heating effects. 

§Zener impedance is derived from the 60-cycle voltage created when AC current with RMS value of 10% of DC zener test current is superimposed 
on the test current. 

^Figures shown are for peak sinusoidal surge current of 8.3 ms duration using 60 cycle AC. 

The 8.3ms square pulse rating is 71% of the value shown. 
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POWER ZENERS 

5 Watt 


UZ5706 SERIES 
UZ5806 SERIES 


FEATURES 

• 2 Times Greater Surge Rating than Conventional 
10 Watt Zeners 

• Small Physical Size 


DESCRIPTION 

Fused-in-glass, metal lurgically-bonded 
5 watt zeners. 


ABSOLUTE MAXIMUM RATINGS 

Zener Voltage, Vz 

Continuous Current 

Surge Current (8.3ms) 

Surge Power 

Power . 

Storage and Operating Temperature 


6.8 to 400V 

See Table 

See Table 

See Graph 

See Lead Temperature Derating Curve 
— 65°C to +175°C 


MECHANICAL SPECIFICATIONS 


UZ5706 SERIES UZ5806 SERIES 
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UZ5706 SERIES UZ5806 SERIES 





Electrical Specifications at 25° C 



Maximum Ratings 





Max. Zener 
Impedance § 

Maximum Reverse 
Leakage Current 

Typ. 

Maximum 

Maximum 

lype - 

IBil 


■1 

■■ 

■■ 

Temp. 

Coeff. 

Tc @ ‘zT 

Continuous 
Current ★ 
izM 

Surge 
Current f 
's 

±5% 

Tolerance 

±10% 

Tolerance 

Volts 

mA 

Ohms 


Volts 

IHI9 

%rc 

< 

E 

BIBI 

UZ5706 

UZ5806 

IHRIIH 


1.0 

500 

5.2 

4.9 

.05 

675 


UZ5707 

UZ5807 



1.5 


5.7 

5.4 

.06 

620 


UZ5708 

UZ5808 



1.5 


6.2 

5.9 

.06 

570 


UZ5709 

UZ5809 

9.1 


2.0 


6.9 

6.6 

.06 




UZ5810 

10.0 


2.0 

75 

7.6 

7.2 

.07 



UZ5712 

UZ5812 

12 


2.5 

50 

9.1 

8.6 

.07 

385 

18 

UZ5713 

UZ5813 

13 

100 

3.0 

25 

9.9 

9.3 

.08 

350 

16 

UZ5714 

UZ5814 

14 

100 

3.0 

20 

10.6 

10.1 

.08 

320 

14 

UZ5715 

UZ5815 

15 

75 


15 

11.4 

10.8 

.08 


12 

UZ5716 

UZ5816 

16 

75 



12.2 

11.5 

.08 

275 

IHQBBB 

UZ5718 

UZ5818 

18 

65 

4.0 

10 

13.7 

12.9 


255 

BBHHH 

UZ5720 


20 

65 

4.5 

— 

15.2 

14.4 


220 

8.0 

UZ5722 

UZ5822 

22 

50 

5.0 

KH 

16.7 

15.8 


195 

7.0 

UZ5724 

UZ5824 

24 

50 


10 

18.2 

17.3 



6.5 

UZ5727 

UZ5827 

27 

50 


10 

20.6 

19.4 

HBEESH 

155 

6.0 

UZ5730 



40 

8 


22.8 

21.6 

.09 



UZ5733 

UZ5833 

33 

40 



25.1 

23.7 

.09 


5.0 

UZ5736 

UZ5836 

36 

30 



27.4 

25.9 




UZ5740 

UZ5840 

40 

30 



30.4 

28.8 




UZ5745 

UZ5845 

45 

30 

HES^BH 

IHH 

34.2 

32.4 




UZ5750 







36.0 

■KEHI 

85 


UZ5756 

UZ5856 





42.6 

40.3 



2.8 

UZ5760 






45.7 

43.2 


75 

2.5 

UZ5770 

UZ5870 





53.3 

50.5 


65 

2.3 

UZ5775 

UZ5875 






54.0 



2.0 

UZ5780 



15 

80 

5 

60.8 

57.7 


55 

1.8 

UZ5790 



15 

90 

5 

68.5 

64.8 



1.6 

UZ5110 



10 

100 

5 

76.0 



45 

1.4 

UZ5111 

UZ5211 


10 

125 

5 

83.6 

792 


40 

1.2 

UZ5112 

UZ5212 


10 

170 

5 

91.2 

86.4 


38 

1.0 

UZ5113 

UZ5213 


10 

■RUM 

5 

98.8 

93.6 

.105 



UZ5114 

UZ5214 




5 

106,0 


.105 



UZ5115 

UZ5215 




5 

114.0 


.105 



UZ5116 

UZ5216 




5 

122.0 

115.0 

.105 



UZ5117 

UZ5217 

Hi 391 



5 

129.0 


.105 

Wmm 


UZ5118 

UZ5218 

180 

5 



H^H 



■m 


UZ5119 

UZ5219 


5 



HiW 


BIB 


^^BnEv^B 

UZ5120 

UZ5220 

200 




H^H 





UZ5122 

UZ5222 

220 




H^H 





UZ5r24 

UZ5224 









■Hal 

UZ5126 

UZ5226 

260 


750 

5 

198 

187 

.120 

17 


UZ5128 

UZ5228 

280 


850 

5 

213 


.120 

16 



UZ5230 



950 

5 

228 

216 

.120 

15 



UZ5232 

320 



5 

243 

230 

.120 

14 


UZ5134 

UZ5234 



R9HH 

5 

258 

245 

.120 

13 


UZ5136 

UZ5236 

360 

3 




259 

.120 

12 

0.22 

UZ5138 

UZ5238 

380 

3 



K S 

274 

.120 

12 

0.21 

UZ5140 

UZ5240 

400 

3 

1800 

5 

304 

288 

.120 

11 

0.20 


Temperature Range: Operating and Storage —65°C to +175‘’C. 


* Specify 20% tolerance by changing the second numeral of type number from 8 to 9 (UZ5809 becomes UZ5909) or from 2 to 3 (UZ5211 becomes 
UZ5311). 

t Ail zener . voltages are measured with an automated test set using a 35 millisecond test time. Longer or shorter test times will have a 
corresponding effect on the measured value due to heating effects. 

§ Zener impedance is derived from the 60-cycle AC voltage created when AC current with RMS value of 10% of DC zener test current is 
superimposed on the test current. 

★ Maximum current based on 5 watt rating. See lead temperature derating curves for proper mounting methods. 

4: Figures shown are for a peak sinusoidal surge current of 8.3ms duration using 60 cycle AC. The 8.3ms square pulse rating is 71% of the 
value shown. 


Several of the above types now have JEDEC IN type numbers. The following cross-reference table lists the appropriate IN 
numbers; specifications are same as above. 


JEDEC # 

UNITRODE TYPE 

1N5118 

UZ5714 

1N5119 

UZ5740 

1N5120 

UZ5745 

1N5121 

UZ5750 

1N5122 

UZ5760 

1N5123 

UZ5770 


JEDEC # 

UNITRODE TYPE 

1N5124 

UZ5780 

1N5125 

UZ5790 

1N5126 

UZ5114 

1N5127 

UZ5117 

1N5128 

UZ5119 

1N5129 

UZ5126 


JEDEC # 

UNITRODE TYPE 

1N5130 

UZ5128 

1N5131 

UZ5132 

1N5132 

UZ5134 

1N5133 

UZ5138 

1N5134 

UZ5140 
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POWER ZENERS 

6 Watt, Military, 10 Watt Military 


UZ7706L and UZ7806L SERIES 
UZ7706 andUZ7806 SERIES 


FEATURES 

• High Surge Rating 

• Small Physical Size 

• Leaded and Stud Packages Available 


DESCRIPTION 

Fused-in-glass, metallurgically bonded 
6 watt leaded zeners and 10 watt 
stud-type zeners. 


ABSOLUTE MAXIMUM RATINGS 


Zener Voltage, Vz . .... 6.8 to lOOV 

Continuous Current See Table 

Surge Current (8.3ms) See Table 

Surge Power See Graph 

Power ... UZ7706L & UZ7806L See Lead Temperature Derating Curve 

UZ7706 & UZ7806 @100°C Case . . . lOW 


Storage and Operating Temperature ... — 65°C to +175°C 


MECHANICAL SPECIFICATIONS 


UZ7706L and UZ7806L SERIES 




UZ7706 and UZ7806 SERIES 

.187" MAX. .045" TYP. 

.005 MAX. (4.75mm) (0 11mm) -187" HEX. 



POLARITY: Cathode to Stud is standard. Re- 
verse polarity denoted by "R" suffix. 

FINISH: Metal parts gold plated per MIL-G- 
45204, Type II. 

WEIGHT: 1.5 grams (max.) 

INSTALLATION PRECAUTIONS: Maximum un- 
lubricated stud torque; 28 inch-ounces. Do 
not use a screwdriver in the turret slot for 
installation purposes, or damage may result. 

Also available with insulated stud. Reference Design Note-17. 




UNITRODE 
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UZ7706L and UZ7806L SERIES 
UZ7706 and UZ7806 SERIES 






Electrical Specifications at 25°C 



Maximum Ratings 



Nominal 
Zener 
Voltage t 

Vz (a izT 

Test 

Current 

•ZT 

Max. Zener 

Maximum Reverse 

Leakage Current 

Typ. 

Maximum 

Maximum 
Surge 
Current t 

h 

lypc 

Impedance § 

@lzT 

Ir @ Vr 

± 5% 

Vr 

± 10% 

Vr 

Temp. 

Coeff. 

Tc @ 'zT 

Continuous 

Currents 

•ZM 

—5% 

Tolerance 

±10% 

Tolerance 

Volts 

mA 

Ohms 

mA 

Volts 

Volts 

%rc 

mA 

Amps 

UZ7706 

UZ7806 

6.8 

350 

0.6 

1000 

5.2 

4.9 

.04 

1350 

50 

UZ7707 

UZ7807 

7.5 

325 

0.7 

800 

5.7 

5.4 

.04 

1250 

41 

UZ7708 

UZ7808 

8.2 

300 

0.8 

200 

6.2 

5.9 

.05 

1150 

31 

UZ7709 

UZ7809 

9.1 

275 

1.0 

150 

6.9 

6.6 

.05 

1020 

29 

UZ7710 

UZ7810 

10.0 

250 

1.0 

100 

7.6 

7.2 

.06 

950 

26 

UZ7712 

UZ7812 

12 

200 

1.3 

75 

9.1 

8.6 

.07 

770 

23 

UZ7713 

UZ7813 

13 

200 

1.5 

50 

9.9 

9.3 

.07 

700 

21 

UZ7714 

UZ7814 

14 

175 

1.5 

40 

10.6 

10.1 

.07 

640 

20 

UZ7715 

UZ7815 

15 

150 

2.0 

30 

11.4 

10.8 

.07 

600 

17 

UZ7716 

UZ7816 

. 16 

150 

2.5 

20 

12.2 

11.5 

.07 

550 

15 

UZ7718 

UZ7818 

18 

130 

3.5 

20 

13.7 

12.9 

.08 

500 

13 

UZ7720 

UZ7820 

20 

120 

4.0 

20 

15.2 

14.4 

.08 

440 

12 

UZ7722 

UZ7822 

22 

100 

4.5 

20 

16.7 

15.8 

.08 

390 

11 

UZ7724 

UZ7824 

24 

100 

5.0 

20 

18.2 

17.3 

.08 

360 

10 

UZ7727 

UZ7827 

27 

90 

6.0 

20 

20.6 

19.4 

.09 

310 

9 

UZ7730 

UZ7830 

30 

80 

8 

20 

22.8 

21.6 

.090 

280 

8.5 

UZ7733 

UZ7833 

33 

70 

10 

10 

25.1 

23.7 

.090 

260 

7.5 

UZ7736 

UZ7836 

36 

60 

12 

10 

27.4 

25.9 

.090 1 

240 

7.0 

UZ7740 

UZ7840 

40 

60 

15 

10 

30.4 

28.8 

.095 

210 

6.4 

UZ7745 

UZ7845 

45 

50 

20 

10 

34.2 

32.4 

.095 

180 

5.5 

UZ7750 

UZ7850 

50 

50 

22 

10 

38.0 

36.0 

.095 

170 

4.6 

UZ7756 

UZ7856 

56 

40 

30 

10 

42.6 

40.3 

.095 

160 

4.1 

UZ7760 

1 UZ7860 

60 

40 

35 

10 

45.6 

43.2 

.095 

150 

3.7 

UZ7770 

UZ7870 

70 

35 

40 

10 

53.2 

50.4 

.095 

130 

3.3 

UZ7775 

UZ7875 

75 

30 

45 

10 

56.0 

54.0 

.095 

120 

3.1 

UZ7780 

! UZ7880 

80 

30 

60 

10 

60.8 

57.6 

.095 

no 

2.9 

UZ7790 

I UZ7890 

90 

25 

75 

10 

68.4 

64.8 

.095 

100 

2.6 

UZ7110 

UZ7210 

100 

20 

90 

10 

76.0 

72.0 

.100 

90 

2.3 


Power Rating; Stud Mounted; 10 Watts at 100°C Case derate linerally to zero at 175°C Case. 

Lead Mounted; See lead temperature derating curve. 

Temperature Range; Operating and storage -65°C to 175°C. 


★ Specify 20% tolerance by changing the second numeral of type number from 8 to 9 (UZ7809 becomes UZ7909) or from 2 to 3 (UZ7210 becomes UZ7310). Specify leaded 
version by adding an L suffix (UZ7809 becomes UZ7809L). 

t All zener voltages are measured with an automated test set using a 35 msec test time. Longer or shorter test times will have a corresponding effect on the measured value due 
to heating effects. 

§ Zener impedance is derived from the 60-cycle voltage created when AC current with RMS value of 10% of DC zener test current is superimposed on the test current. 

★ Ratings Based on 100°C Case temperature; for leaded devices multiply by 0.6. 

t Figures shown are for a peak sinusoidal surge current of 8.3ms duration, non-repetitive. The 8.3ms square pulse rating is 71% of the value shown 


Power Dissipation 

vs. Lead Temperature Derating Curve 

8 


Z 



0 

0 25 50 75 100 125 150 175 

LEAD TEMPERATURE (°C) 



Surge Power 



lOOns Ijtrs 10/is 100//S 1ms 10ms 


SURGE DURATION (S) 


Typical Zener Impedance 



5 10 50 100 500 lA 5A lOA 

ZENER CURRENT (mA) 
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POWER ZENERS 

1 Watt, Industrial 


UZ8706 SERIES 
UZ8806 SERIES 


FEATURES DESCRIPTION 

• High Surge Ratings One watt zener diodes, hermetically 

• A Quarter the Size of Conventional 1 Watt Zeners sealed in glass. 

• Impervious to Moisture 


ABSOLUTE MAXIMUM RATINGS 

Zener Voltage, Vz 

Continuous Current 

Surge Current (8.3ms) . 

Surge Power 

Power 

Storage and Operating Temperature 


6.8 to 200V 

See Table 

See Table 

See Graph 

See Lead Temperature Derating Curve 
— 65°C to +175°C 


MECHANICAL SPECIFICATIONS 


UZ8706 SERIES UZ8806 SERIES 


1 Band indicates [ 

1 cathode end'X 1 , 

155" TYP J 028" ±.001 

3.9mm 0.71mm ±.03 

< r— 

055" TYP. 

Di 1 

Ll 

[D 

zpa 

1 .085" MAX. 

1 2.16mm 

I 

_700” MIN 
17.8mm 

1 .085" 1 
k-TYP.H 

1 2.2mm 1 

250" MAX J 

r 6 35mm ^ 

1.625" MIN 
41.3mm 

J 

i 


UZ Prefix is identified by a Blue or Red Cathode Band 


BODY A 


Power Dissipation 

vs. Lead Temperature Derating Curve 



0 25 50 75 100 125 150 175 

LEAD TEMPERATURE (X) 


Surge Power 



lOOns 1ms 10ms 100ms 1ms 10ms 
SURGE DURATION (S) 


Typical Zener Impedance 
vs. Zener Current 



ZENER CURRENT (mA) 
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UZ8706 SERIES UZ8806 SERIES 




Electrical Specifications at 25°C 

Maximum Ratings 

Type 

Nominal 

Test 

Max. Zener 

Maximum Reverse 

Typ. 

Maximum 

Maximum 



Zener 

Current 

Impedance § 

Leakage Current 

Temp. 

Continuous 

Surge 



Voltage t 



± 5% 

± 10% 

Coefficient 

Current ★ 

Current t 



Vz @ IZT 

•zT 

Zz @ IZT 


Vr 

Vr 

T.C. @ IzT 

IZM 

Is 

± 5% 
Tolerance 

± 10% 
Tolerance 

Volts 

mA 

Ohms 

mA 

Volts 

Volts 

%/°C 

mA 

Amps 

UZ8706 

UZ8806 

6.8 

37 

3.5* 

50 

5.2 

4.9 

0.04 

140 

5.00 

UZ8707 

UZ8807 

7.5 

34 

4.0 

30 

5.7 

5.4 

0.04 

125 

4.50 

UZ8708 

UZ8808 

8.2 

31 

4.5 

10 

6.2 

5.9 

0.05 

115 

3.90 

UZ8709 

UZ8809 

9.1 

28 

5.0 

3.0 

6.9 

6.6 

0.05 

105 


UZ8710 

UZ8810 



7.0 


7.6 

7.2 

0.06 

95 

2.77 

UZ8712 

UZ8812 



9.0 


9.1 

8.6 

0.07 

85 

2.25 

UZ8713 

UZ8813 



10 

0.5 

9.9 

9.3 

0.07 

80 

2.25 

UZ 8714 

UZ8814 



12 

0.5 

10.6 

10.1 

0.07 

74 

2.25 

UZ8715 

UZ8815 

15 

17 


0.5 

11.4 



63 

1.65. 

UZ 8716 

UZ8816 

16 

15.5 


0.5 

12.1 

11.5 


60 

1.65 

UZ8718 

UZ8818 

18 

14.0 


0.5 

13.7 

12.9 


52 

1.12 

UZ8720 

UZ8820 

20 

12.5 


0.5 

15.2 

14.4 


47 

1.12 

UZ8722 

UZ8820 

22 

11.5 

23 

0.5 

16.7 

15.8 



1.12 

UZ 8724 

UZ8824 

24 

10.5 

25 

0.5 

18.2 

17.3 




UZ8727 

UZ8827 

27 

9.5 

35 

0.5 


19.4 




UZ 8730 

UZ 8830 

30 

8.5 

40 


22.8 

21.6 




UZ8733 

UZ8833 



45 

0.5 

25.1 

23.7 

0.09 

28 

0.675 

UZ 8736 

UZ8836 



50 

0.5 

27.3 

25.9 

0.09 

26 

0.562 

UZ8740 

UZ8840 



62 

0.5 

30.4 

28.8 

0.095 

24 

0.562 

UZ8745 

UZ 8845 



75 

0.5 

34.2 

32.4 

0.095 

22 

0.450 

UZ 8750 

UZ 8850 

50 

5.0 

85 

0.5 

38.0 


■KlililiHli 

20 


UZ8756 

UZ8856 

56 

4.5 

no 

0.5 

42.5 

Ko9 

0.095 

17 


UZ8760 

UZ8860 ' 

60 

4.0 

125 

0.5 

45.6 

43.2 

0.095 

15 

0.337 

UZ8770 

UZ8870 

70 

3.7 

150 

0.5 

53.2 

50.4 

0.095 

14 

0.337 

UZ 8775 

UZ8875 

75 

3.3 


0.5 





0.277 

UZ8780 

UZ8880 

80 

3.0 


0.5 


57.6 



0.225 

UZ8790 

UZ 8890 

90 

2.8 


0.5 


64.8 



0.225 

UZ8110 

UZ8210 

100 

2.5 


0.5 





0.225 

UZ8111 

UZ8211 

no 

2.3 

450 

0.5 



0.10 

8.5 

0.165 

UZ 8112 

UZ8212 

120 

2.0 

550 

0.5 

91.2 

86.4 

0.10 

8.0 

0.112 

UZ8113 

UZ8213 

130 

1.9 

700 

0.5 

98.8 

93.6 

0.10 

7.2 

0.112 

UZ8114 

UZ8214 

140 

1.8 

850 

0.5 

106 

100 

0.10 

6.8 

0.112 

UZ8115 

UZ8215 

150 

1.7 

1000 

0.5 

114 

108 

0.10 

6.3 

0.112 

UZ8116 

UZ8216 

160 

1.6 

1100 

0.5 

121 

115 

0.10 

5.9 

0.082 

UZ8117 

UZ8217 

170 

1.5 

1200 

0.5 

129 

122 

0.10 

5.6 

0.082 

UZ8118 

UZ8218 

180 

1.4 

1300 

0.5 

137 

129 

0.10 

5.2 

0.056 

UZ8119 

UZ8219 

190 

1.3 

1400 

0.5 

144 

L37 

0.10 

5.0 

0.056 

UZ 8120 

UZ8220 

200 

1.2 

1500 

0.5 

152 

144 

0.10 

4.7 

0.056 


tAII zener voltages are measured with an automated test set using a 35 millisecond test time. Longer or shorter test times will have a correspond- 
ing effect on the measured value due to heating effects. 

§Zener impedance is derived from the 60-cycle AC voltage created when AC current with RMS value of 10% of DC zener test current is superim- 
posed on the test current. 

sfeRatings are based on free air. Ta is 25tC. For use at 1.5 watts see derating curve. 

^Figures shown are for a peak sinusoidal surge current of 8.3 ms duration using 60 cycle AC. The 8.3 ms square pulse rating is 71% of the 
value shown. 
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THYRISTORS (SCRs & PUTs) 


PRODUCT SELECTION GUIDE 



i 


: .SA'' " 

> ^ , 

3D 


2N3027* 

2N3030* 

IDIOO 

1 


60 

AA114 

2N3028* 

2N3031* 

IDlOl 

100 


2N3029* 

2N3032* 

ID102 

150 




ID103 

200 

AA116 



ID104 

300 

AAllO 



ID105 

TO-18 

400 

AAlll 



ID106 


200j,A 

aop^A 

;:.'v '"IlditiA. ^ 

20QM 

, :L,: ■ 

2mA 



5mA 

i 


SCR 


1.25A 

Js'' 
> ^ 

30 

2N1876 

2N1870A** 

60 

2N1877 

2N1871A** 

100 

2N1878 

2N1872A** 

150 

2N1879 

2N1873A 

200 

2N1880 

2N1874A** 

TO-9 



: aOO^rA 


\ ^ 3mA 

: V' ' SmA 


g 

m 

h{m$i ; 

1.6A 

£ 


CA) 

«*'A 

30 



2N2322 


60 

ADIOO 

2N2323A*** 

2N2323*** 

ID200 

100 

ADlOl 

2N2324A*** 

2N2324*** 

ID201 

150 


2N2325A 

2N2325 

ID202 

200 

AD102 

2N2326A*** 

2N2326*** 

ID203 

300 

AD103 

2N2328A*** 

2N2328*** 

ID300 

TO-39 

400 

AD104 


2N2329*** 

ID301 

W 



200M 

200fiA 

.'h- ■■ 

'',2mA.£ 

2j^r 

2mA 

3mA 


*Available as JAN and JANTX types. 
**Available as JAN type. 

♦♦♦Available as JAN, JANTX, JANTXV types. 
t3mA available from factory 
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THYRISTORS (SCRs & PUTs) 


PRODUCT SELECTION GUIDE 


ULTRAFAST SWITCHING 


V 

I ! ■ 

10-18 


'■ 

LirMS) 

AA 

66V 

GA200 GA300 

GA200A GA300A 

looV 

GA201 GA301 

GA201A GA301A 


20ns(TYP.) 

20nS (TYP,) 




f 

TO-59 

-a!. 

Mi 


L(RMS) 

6A .. 1 

m 

GB200 GB300 

GB200A GB300A 

wm 

GB201 GB301 

GB201A GB301A 


: 20rts(TYR) 


■: ■ 

. . 2^0 



RADIATION HARDENED SCRs 



TO-18 


Ort-St^te 

Current 

LiRysr 

04A 

Package Style 

TO-18 

B i 

5 - i> ■ 

li: .i w 

■ ' S-fS 

W yj O 

ultS 

^ H 

P flC' 

}r- > > v,> 

UJ iii 

a. • is£ , 

til 

IT , ■ - 

30V , 

GAIOO 

60V 

GAlOl 

; 80V 

GA102 

Key Parameters 

lotCtet 
3X10'^ NVT) 
20mA 

(Post 

3X10<^ NVT) 
30mA 


PUTS — PROGRAMMABLE 
UNIJUNCTION TRANSISTORS 


Peak Recurrent PorvrartJ 
Current 

8A 


L 


Package S^le 

TO-18 

. 

b 

Z CC 

.M =i 

S^. 

lv=:25#4#R^=lQK 

Ip 3s .iS/kAi^ p© = iy€g 

U13T2 


Iv = 70aA@R©s= lOK 

Ip sis 2/tA @ R© *2 1 Meg 

U13T1 

a: 

O 

1 — 
o 

§g 

ly; s=£ JmA# R© = 200n 

Ip = jS/xAM =» iMeg 

2N6120 

ij 

Z) 

CO 

z 

o 

-z ^ 

lys 1,5 mA <§R© = 2C|0Ji 
, {p2=2M1(®R© = lMeg 

2N6119 

2N6137* 


Fbmvard and Reverse 
VeftagejVAK.VAKR 

40V 

lOOV 


* Available as JAN and JANTX types. 
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SCRs 

1.25 Amp, Planar 


2N1870A-2N1874A 


FEATURES 

• Available as Either “JAN” or 
Standard Types 

• Operating D.C. Current Range: 

5 to 1250mA 

• Pulse Currents: to 30A 

• Voltage Ratings: to 200V 

• Maximum Trigger Current; 0.2mA 

• Maximum Trigger Voltage: 0.8V 

• All Leads Isolated from Case 

• Maximum ej_c; 20°C/W 


DESCRIPTION 

These are premium PNPN controlled switches intended for use in applications 
requiring a high degree of reliability assurance. The JAN types are specified under 
MIL*S-19500/198, and are included in MIL-STD-701 as recommended types for 
military usage. 

This series is useful In a wide variety of applications Including: safety, arming 
and detonating circuits; timing and programming circuits; protective and warning 
circuits; driving relays; driving indicator lamps, encoding and decoding circuits; 
replacing relays, thyratrons, and magamps; servo motor control; pulse generation; 
plus many others. 


ABSOLUTE MAXIMUM RATINGS 

2N1870A 

JAN2N1870A 


Repetitive Peak Off-State Voltage, Vqr^ 30V. 

Repetitive Peak Reverse Voltage, V^p,,^ 30V. 

D.C. On-State Current, ly 

100°C Ambient 

100°C Case 

Repetitive Peak On-State Current, 1-^^,^ 


Peak One Cycle Surge (Non-Rep.) On-State Current, Ijs,^ 

Peak Gate Current, l^,^ 

Average Gate Current, Iqj^v) 

Reverse Gate Voltage, V^,^ 

Thermal Resistance, Junction to Case, R0j_c 

Operating and Storage Temperature Range 


2N1871A 2N1872A 2N1873A 2N1874A 

JAN2N1871A JAN2N1872A — JAN2N1874A 

60V lOOV 150V 200V 

60V lOOV 150V 200V 

250mA 

....1.25A 

up to 30A 

15A 

250mA 

25mA 

5V 

20°C/W 

-65°C to -fl50°C 


MECHANICAL SPECIFICATIONS 

I 2N1870A-2N1874A 





UNITRODE 
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2N1870A-2N1874A 


ELECTRICAL SPECIFICATIONS (at 25°C unless noted)t 


Test 

Symbol 

Min. 

Typical 

Max. 

Units 

Test Conditions 

Subgroup 1 (Visual and Mechanical) 







Subgroup 2 (25°C Tests) 

Off-State Current 

^DRM 


0.5 

10 

liA 

Rgk = IK. Vdrm = -1- Rating 

Reverse Current 

Irrm 

— 

0.5 

10 

aA 

^GK — ^RRM — ~ Rating 

Gate Trigger Voltage 

Vgt 

0.4 

0.55 

0.8 

V 

Rgs = 100 ohms, V^ = 5V 

Gate Trigger Current 

Igt 

— 

30 

200 

aA 

Res > lOK ohms, V^ = 5V 

On-State Voltage 

Vtm 

— 

1.8 

2.5 

V 

=: 2A (pulse test) 

Off-State Voltage — Critical of Rise 

dv-/dt 

100 

— 

— 

yifis 

Specified test circuit 

Reverse Gate Current 

‘gr 

— 

0.5 

10 

fiA 

VgRM = anode open 

Holding Current 

Ih 

0.3 

— 

5.0 

mA 

le = - 150/iA, Vd = 5V 

Subgroup 3 (125°C Tests) 

High Temp. Off-State Current 

Idrm 


15 

100 

aA 

^GK — ^DRM — + Rating 

High Temp. Reverse Current 

Irrw 

— 

15 

100 

fiA 

Rgk = IK, Vrr^, = - Rating 

High Temp. Gate Non-Trigger Voltage 

Vgd 

0:2 

— 

__ 

V 

Res = 100 ohms, V^ = 5V 

High Temp. Holding Current 

Ih 

0.2 

— 

— 

mA 

le = - 150/iA, Vd = 5V 

Subgroup 4 (— 65°C Tests) 

Low Temp. Gate Trigger Voltage 

Vgt 



1.0 

V 

ReK = 100 ohms, Vp = 5V 

Low Temp. Gate Trigger Current 

*GT 

— 

— 

500 

fiA 

Rgk > lOK ohms, V^ = 5V 

Low Temp. Holding Current 

Ih 

— 

— 

15 1 

mA 

le = - 150M. V;,^ = 5V 


tAII values in this table are JEDEC registered. 

Note; Voltage ratings apply over the full operating temperature range, provided the gate is connected to the cathode through a resistor, 1 K 
or smaller, or other adequate gate bias is used. 


Triggering and Bias Stabilization 

1. Gate Trigger Current 


800 


3 600 


lU 

^ 400 
z> 
o 
a: 

0 200 

O 

cc 

\- 

ti! 0 
< 

C3 

1 

5-200 


-400 

-65 -25 0 25 50 75 100 125 150 

Tj — JUNCTION TEMPERATURE (X) 



2. Gate Trigger Voltage 



—65 —25 0 25 50 75 100 125 150 

Tj — JUNCTION TEMPERATURE (X) 
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MIN. MIN. HOLDING CURRENT (mA) MAX. 1^— MAX. HOLDING CURRENT (mA) 


2N1870A-2N1874A 


Holding Current 

1. Max. Holding Current (Current Bias) 



—65 —25 0 25 50 75 100 125 150 

Tj — JUNCTION TEMPERATURE (X) 


3. Min. Holding Current (Current Bias) 



—65 —25 0 25 50 75 100 125 150 

Tj — JUNCTION TEMPERATURE (X) 


2. Max. Holding Current (Resistor Bias) 



—65 —25 0 25 50 75 100 125 150 

Tj — JUNCTION TEMPERATURE (X) 


4. Min. Holding Current (Resistor Bias) 



—65 —25 0 25 50 75 100 125 150 


Tj — JUNCTION TEMPERATURE (X) 
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AVG. ON-STATE CURRENT (A) 1^^^ — REPETITIVE PEAK ON-STATE CURRENT (A) 1^ — ON-STATE CURRENT (A) 


2N1870A-2N1874A 


Current Ratings — Thermal Design 

1. On-State Current vs. Voltage 







1 

oCJ 

U /r. 

















t' 

















/'/ 

^11 








/ 

/ 

!'/ 








/ 

’is' 

»o 

CHA 

TYPI 

RACl 

ICAL 

rERij 

5TICS 



c 

[T 







ll 

f-' 

T II - 






.05 .1 .2 .5 1 2 5 10 20 50 

Vp — ON VOLTAGE (V) 


3. Peak Current vs. Ambient Temperature 

P^ — POWER DISSIPATION (W) 



0 25 50 75 100 125 150 

Ta max — max. ambient temperature (°C) 

5. Average Current vs. Case Temperature 

P^ — power DISSIPATION (W) , 



90 100 110 120 130 140 150 

Tc ^3, — MAX. CASE TEMPERATURE (X) 


2. Peak Current vs. Case Temperature 

P^ — POWER DISSIPATION (W) 



90 100 110 120 130 140 150 

Tc — MAX. CASE TEMPERATURE (°C) 

4. Surge Current vs. Time 


X 

/ 

/ 

/ Z 



Ip BE 

XRE 

SURG 

E = 0 



\ 

s 

k \ 









\ 
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N 




BLOCKING VOLl 
-MAY BE APPLIE 
IMMEDIATELY A 
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|Tc = 

lOOX 

D 

,FTER 

SURG 

E 


DAS 

-NOT 

AFTE 

H LIN 
BE S 
ER SU 

E: BLC 
JSTAI 
RGE 

)CKIN( 
NED F 

3 VOL- 
OR 0.1 

rAGE 1 
SECO 

r 
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NDS- 











10-5 10-4 10-3 10-2 10-1 1 10 102 103 

SURGE DURATION (s) 


6. Average Current vs. Ambient Temperature 

P^ — POWER DISSIPATION (W) 



0 25 50 75 100 125 150 

Ta — MAX. AMBIENT TEMPERATURE (°C) 
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SCRs 

1.25 Amp, Planar 


2N1875-2N1880 


FEATURES 

• Operating D.C. Current Range: 10-1250mA 

• Peak Pulse Current: to 30A 

• Maximum Gate Current to Fire: 20/fA 

• Firing Voltage: .52±.08V 

• Voltage Ratings: to 200V 

• “Turn-on” Time: Typically 0.1/iS 

• Low On Voltage: 2.5V Maximum at 2A 


DESCRIPTION 

This high sensitivity series, featuring very precise control of triggering 
characteristics, is particularly useful for timing and time delay circuits, voltage 
limit detectors, high gain static switching, logic circuits, pulse and sweep 
generators, and related applications. 

This series is available In a TO-9 package, with all leads Isolated from the case, 
providing a maximum thermal resistance of 20°C/Watt between junction and case. 


ABSOLUTE MAXIMUM RATINGS 

2N1875 


Repetitive Peak Off-State Voltage, V^r,^ 15V. 

Repetitive Peak Reverse Voltage, V^^,^ 15V. 

D.C. On-State Current, \j 

100°C Ambient 

100°C Case 

Repetitive Peak On-State Current, Ij^,^ 


Peak One Cycle Surge (Non-Rep.) On-State Current, Ijs,^ 

Peak Gate Current, Ig,^ 

Average Gate Current, Ig^^v) 

Reverse Gate Voltage, ^GR 

Thermal Resistance, Junction to Case, R0j_c 

Operating and Storage Temperature Range 


2N1876 2N1877 2N1878 2N1879 

. 30V 60V lOOV 150V.. 

. 30V 60V lOOV 150V.. 

250mA 

1.25A 

up to 30A 

15A 

250mA 

25mA 

5V 

20°C/W 

-65°C to -f 150“C 


2N1880 

200V 

200V 



MECHANICAL SPECIFICATIONS 
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2N1875-2N1880 


ELECTRICAL SPECIFICATIONS (at 25°C unless noted)t 


Test 

Symbol 

Min. 

Typical 

Max. 

Units 

Test Conditions 

Subgroup 1 (Visual and Mechanical) 







Subgroup 2 (25°C Tests) 







Off-State Current 

^DRM 

— 

0.5 

5 

aA 

^DRM — Rating, R 0 |^ IK 

Reverse Current 

Vrm 

— 

0.5 

10 

/iA 

Vrrm = Rating 

Reverse Gate Current 

Ur 

— 

0.5 

10 

/^A 

Vgr = 2V 

Gate Trigger Current 

1st 

— 

5 

20 

aA 

Vd = 5V, Res = lOK 

Gate Trigger Voltage 

VsT 

.44 

.52 

.60 

V 

Vp = 5V, Res = lOOn 

Anode Trigger Current (Note 2) 

Ut 

— 

100 

— 

mA 

Vd = 5V 

On-State Voltage 

Vt 

0.8 

1.8 

2.5 

V 

It = 2A (Pulse Test) 

Holding Current 

Ih 

0.3 

1.0 

3 

mA 

le = -150/iA, V^^ = 5V 

Subgroup 3 (25°C Tests) 







Turn-on Time 

ton 

— 

0.1 

— 

/xS 

le = 20mA 

Turn-off Time 

toff 

_ 

0.5 

— 

fis 

) It = .5A 

Gate Trigger — on Pulse Width 

^9(0'!) 

— 

0.5 

— 

ftS 

} Vd = 30V 

Circuit Commutated Turn-off Time 

*9 

— 

10 

— 

fxS 

) It = .5A, 1, = .5A, ReK = IK 

Subgroup 4 (125°C Tests) 







High Temp. Off-State Current 

Urm 

— 

5 

20 

aA 

Vd = Rating, ReK = IK 

High Temp. Reverse Current 

Irrm 

— 

15 

100 

/iA 

Vrrm = Rating 


Note:1. Voltage ratings apply over the operating temperature range, provided the gate is connected to the cathode through an appropriate re- 


sistor, or adequate gate bias is used. 

2. For a maximum limit of SO^A, use suffix “ — 1” and drop ‘‘2N”. Example: 1877-1. 
t All values in this table are JEDEC registered. 


TRIGGERING AND BIAS STABILIZATION 


1. Gate Trigger Current 


2. Gate Trigger Voltage 
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SCRs 

1 Amp, Planar 


2N1881-2N1885 


FEATURES 

• One Cycle Surge Current: 15A 

• Voltage Ratings: to 200V 

• Low “On-Voltage”: 2V Max. at lA 

• Operation: to 150°C Junction 
Temperature 

• All Leads Isolated for Design 
Flexibility 


DESCRIPTION 

These types are useful in AC and DC static switching, proportioning control, relay 
and thyratron replacement, DC to AC converters, servo motor driving, protective 
circuits, and related applications. 

This series is available in a TO-9 package, with all leads isolated from the case, 
providing a maximum thermal resistance of 20“C/Watt between junction and case. 


ABSOLUTE MAXIMUM RATINGS 

2N1881 

Repetitive Peak Off-State Voltage, V^rj^ 30V. 

Repetitive Peak Reverse Voltage, Vr,^^^ 30V. 

D.C. On-State Current, \j 

100°C Ambient 

100° C Case 

Repetitive Peak On-State Current, 

Peak One Cycle Surge (Non-Rep.) On-State Current, 

Peak Gate Current, 1^^ 

Average Gate Current Ig^^yj 

Reverse Gate Voltage, 

Thermal Resistance, Junction to Case, R0j_c 

Operating and Storage Temperature Range 


2N1882 2N1883 2N1884 2N1885 

... 60V lOOV 150V 200V 

... 60V lOOV 150V 200V 

250mA 

1.0A 

up to 30A 

15A 

250mA 

25mA 

3V 

20°C/W 

-65°C to -j-150°C 


MECHANICAL SPECIFICATIONS 
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2N1881-2N1885 


ELECTRICAL SPECIFICATIONS (at 25°C unless noted)t 


Test 

Symbol 

Min. 

Typical 

Max. 

Units 

Test Conditions 

Subgroup 1 (Visual and Mechanical) 







Subgroup 2 (25°C Tests) 







Off-State Current 

^DRM 

— 

0.5 

10 


^GK — ^DRM — Rating 

Reverse Current 

*RRM 

— 

0.5 

10 

fi/K 

Rsk = IK. Vrrm = Rating 

Reverse Gate Current 

^GR 

— 

0.5 

10 

fi/K 

Vgrm = 2V 

Gate Trigger Current 

*GT 

— 

0.2 

2 

mA 

Res = lOK, Vd = 5V 

Gate Trigger Voltage 

Vgt 

0.40 

1 

2 

V 

Res = 100S2, Vd = 5V 

On-State Voltage 

Vt 

— 

1.5 

2 

V 

ly = lA (pulse test) 

Holding Current 

'h 

_ 

2 

— 

mA 

le = -150/iA, Vd = 5V 

Anode Trigger Current 

Iat 

— 

0.5 

— 

mA 

Res = lOK, Vd = 5V 

Subgroup 3 (25®C Tests) 







Turn-on Time 


— 

0.2 

— 

IxS 

le = 20mA, l^ = 0.5A, Vp = 30V 

Gate Trigger — on Pulse Width 

tpg ton) 

— 

1 

— 

fis 

le = 20mA, 1^ = 0.5A, Vp = 30V 

Turn-off Time 

^off 

— 

1 

— 

fis 

I^ = 1A, Ir=IA, ReK=iK 

Circuit Commutated Turn-off Time 


— 

10 

— 

|US i 

I^ = 1A, Ir=IA, Rsk=IK 

Subgroup 3 (125°C Tests) 







High Temp. Off-State Current 

*DRM 

— 

15 

200 


Rgk = IK, Vmm = Rating 

High Temp. Reverse Current 

*RRM 

— 

15 

200 

/iA 

Rgk — tK, = Rating 


t All values in this table are JEDEC registered. 

Note: Voltage ratings apply over the operating temperature range, provided the gate is connected to the cathode through an appropriate re- 
sistor, or adequate gate bias is used. 
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SCRs 

1.6 Amp, Planar 


2N2322-2N2329 
2N2323A-2N2328A 
2N2323S-2N2329S, J, JTX, JTXV 
2N2323AS-2N2328AS, J, JTX, JTXV 


FEATURES 

• Available as JAN, JANTX, & JANTXV 
Types 

• JAN Types Available in TO-5 

• 1.6A D.C. Current 

• Peak Currents: to 30A 

• Voltage Ratings: to 400V 

• 20/.<A Max. Trigger Current (“A” types) 

• 0.6V Max. Trigger Voltage (“A” types) 


DESCRIPTION 

These are premium thyristor switches intended for use in high performance 
industrial, military and space applications requiring a high degree of reliability 
assurance. This series is useful in a wide variety of applications Including timing 
and programming circuits, protective and warning circuits, driving relays, 
driving Indicator lamps, encoding and decoding circuits, replacing relays, 
thyratrons, and magamps, servo motor control, pulse generation, plus many others. 
The high surge current rating (15A - 1 cycle) makes this series particularly 
useful for squib firing. 

The following JAN, JANTX and JANTXV types are specified under Mil*S-19500/276A 
and are included in Mil-STD-701 as recommended types for military usage: 


ABSOLUTE MAXIMUM RATINGS 


Repetitive Peak Off-State Voltage, V^r^ 
Repetitive Peak Reverse 

Voltage, 

Non-Repetitive Peak Reverse 

Voltage, Vrsm « 5ms) 

D.C. On-State Current, Ij 

80°C Ambient . 



2N2323 

2N2324 


2N2326 


2N2328 



JAN2N2323S 

JAN2N2324S 


JAN2N2326S 


JAN2N2328S 



JANTX2N2323S 

JANTX2N2324S 


JANTX2N2326S 


JANTX2N2328S 



JANTXV2N2323S 

JANTXV2N2324S 


JANTXV2N2326S 


JANTXV2N2328S 



2N2323A 

2N2324A 

2N2325 

2N2326A 

2N2327 

2N2328A 

2N2329 


JAN2N2323AS 

JAN2N2324AS 

JAN2N2326AS 

JAN2N2328AS 

JAN2N2329S 

2N2322 

JANTX2N2323AS 

JANTX2N2324AS 

2N2325A 

JANTX2N2326AS 

2N2327A 

JANTX2N2328AS 

JANTX2N2329S 


JANTXV2N2323AS 

JANTXV2N2324AS 


JANTXV2N2326AS 


JANTXV2N2328AS 

JANTXV2N2329S 

25V. 

. 50V . ... 

. . . lOOV . ... 

150V .. 

. 200V 

250V .... 

300V 

400V 

25V.... 

50V 

lOOV .... 

150V ... 

... .200V 

..250V... 

300V 

400V 

40V . ., 

75V 

150V 

225V.... 

300V 

. .350V.... 

400V 

500V 


. 300mA 


85° C Case 1.6A 

One Cycle Surge (Non-Rep.) On-State Current, l^s^^ 15A 

Repetitive Peak On-State Current, 30A 

Gate Power Dissipation, Pg,^ O.IW 

Gate Power Dissipation, Pgm(av) O.OIW 

Peak Gate Current, Ig^ 100mA 

Peak Gate Voltage, Forward and Reverse 6V 

Reverse Gate Current, Ig^ 3mA 

Storage Temperature Range ... — 65°C to +150°C 

Operating Temperature Range — 65°C to -t-125°C 


MECHANICAL SPECIFICATIONS 


2N2322-2N2329 2N2323S-2N2328S, J, JTX, JTXV 

2N2323A-2N2328A 2N2323AS-2N2328AS, J, JTX, JTXV 



INCHES 

MILLIMETERS 

A 

.315-.335 

8.00-8.51 

B 

.350-.370 

8.89-9.39 

c 

.240- .260 

6.35-6.60 

D 

.010- .030 

0.25-0.76 

E 

.5 MIN 

12.70 MIN 

F 

.016-.019 

.406-.483 

G 

.190-.210 

4.83-5.33 

H 

.085-.105 

2.16-2.67 

J 

.028- .034 

.711-.864 

K 

.029- .045 

.737-1.14 

L 

.100 

2.54 
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ELECTRICAL SPECIFICATIONS 


2N2322-2N2329 2N2323S-2N2328S, J, JTX, JTXV 

2N2323A-2N2328A 2N2323AS-2N2328AS, J, JTX, JTXV 


Test 

Symbol 

Min. 

Typical 

Max. 

Units 

Test Conditions 

Visual and Mechanical 






MIL-STD-750, Method 2071 

25°C 







Off-State Current 

^DRM 

— 

0.1 

10 

ixk 

VpR^ = Rating, — IK {2K for "A” Types) 

Reverse Current 

Jrrm 

— 

0.1 

10 

fiA 

Vrr,^ = Rating, Rg^ = IK (2K for “A” Types) 

Gate Trigger Current 

'gt 






“A” Types 


— 

2 

20 

fik 

Vd 6V, Rl = 10012 

non-“A” Types 


_ 

50 

200 


Vd = 6V, Rl 10012 

Gate Trigger Voltage 

Vgt 






“A” Types 


0.35 

0.52 

0.60 

V 

Vd = 6V, RgK = 2K, Rl = 10012 

non-“A” Types 


0.35 

0.55 

0.80 

V 

Vd = 6V, RgK = IK, Rl = 10012 

On-State Voltage 

Vtm 


2.0 

2.2 

V 

1^,^ = 4A (pulse test) 

Holding Current 

Ih 

— 

0.3 

2.0 

mA 

Vp = 6V, Rgk = IK (2K for "A” Types) 

Reverse Gate Current 

Ur 

— 

1 

200* 

aA 

Vgr = 6V 

Delay Time 

td 

— 

0.6 

— 

/iiS 

Ig = 10mA, It lA, V^ = 30V 

Rise Time 

t. 

— 

0.4 

— 

tiS 

Ig = 10mA, It = lA, V^ = 30V 

Circuit Commutated Turn-Off Time 


— 

20 

— 

(iS 

It = lA, 1, = lA, Rg, = IK 

125°C 







Off-State Current 

^DRM 

— 

1 

100 

(xA 

Vdr^ = Rating, RgK == IK (2K for “A” Types) 

Reverse Current 

^RRM 

— 

1 

100 

mA 

Vrr,^ = Rating, Rg^ = IK (2K for “A” Types) 

Gate Trigger Voltage 

Vgt 

0.1 

0.3 

— 

V 

Vd = Rated Vp, RgK = IK (2K for "A” Types) 

Holding Current 

Ih 






“A” Types 


o.it 

— 

— 

mA 

Vp =:z 6V, RgK =. 2K 

non-“A'’ Types 


0.15t 

— 

— 

mA 

Vp = 6V, RgK = IK 

Off-State Voltage — Critical Rate of Rise 

dv/dt 






“A” Types 


0.7* 



V//XS 

Vp = Rating, RgK = 2K 

non-“A” Types 


1.8* 



yifis 

Vp = Rating, RgK =: IK 

-65°C 







Off-State Current 

Idrm 

— 

.05 

5.0* 

mA 

Vpp,,^ = Rating, RgK = IK (2K for “A” Types) 

Reverse Current 

Irrm 

— 

.05 

5.0* 

fiA 

Vrr„^ = Rating, RgK = IK {2K for "A” Types) 

Gate Trigger Current 

•gt 






"A” Types 


— 

50 

75 

fxA 

Vp = 6V, Rl = 10012 

non-" A” Types 


— 

100 

350 

ixA 

Vp rr 6V, Rl = 10012 

Gate Trigger Voltage 

Vgt 






“A” Types 


— 

0.7 

0.8* 

V 

Vp =: 6V, RgK = 2K, Rl = 10012 





0.9t 

V 

Vp = 6V, RgK = 2K, Rl =: 10012 

non-“A” Types 


— 

0.75 

1.0 

V 

Vp = 6V, RgK = IK, Rl = 10012 

Holding Current 

Ih 

— 

— 

3.0t 

mA 

Vp = 6V, Rgk = IK (2K for "A” Types) 


* JAN and JANTX Types only, 
t Industrial Types only. 


JAN and JANTX Acceptance Tests 


100% Screening TX-Types Group B Tests 


Group C Tests 


High Temperature Storage 
Temperature Cycling 
Constant Acceleration 
Fine & Gross Hermetic Seal 
Electrical Test 
Burn-in 

Electrical Test 


Subgroup 1 — Reverse Gate Current 
Surge Current 

Non-Repetitive Reverse Voltage 

Subgroup 2 — Low Temp. Reverse Blocking Current 
Low Temp. Forward Blocking Current 
Low Temp. Gate Trigger Voltage 
Low Temp. Gate Trigger Current 


Subgroup 1 — Physical Dimensions 

Subgroup 2 — Shock 

Constant Acceleration 
Vibration, Variable Frequency 

Subgroup 3 — Barometric Pressure, Reduced 

Subgroup 4 — Salt Atmosphere 


Subgroup 3 -Temperature Cycling Subgroup 5 -Terminal Strength 

Thermal Shock 

Moisture Resistance Subgroup 6 — Intermittent Operating Life Test 

Solderability 


Subgroup 4 — Blocking Life Test 
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2N2322-2N2329 2N2323S-2N2328S, J, JTX, JTXV 

2N2323A-2N2328A 2N2323AS-2N2328AS, J, JTX, JTXV 


Gate Trigger Current 


Gate Trigger Voltage 



—65 —25 0 25 50 75 100 125 

Tj — JUNCTION TEMPERATURE {°C) 


Holding Current 



Tj — JUNCTION TEMPERATURE (°C) 


Average Current vs. Ambient Temperature 


Pp — POWER DISSIPATION (W) 



Ta max — maximum AMBIENT TEMPERATURE TO 



—65 —25 0 25 50 75 100 125 

Tj — JUNCTION TEMPERATURE (°C) 


Average Current vs. Case Temperature 

Pp- POWER DISSIPATION (W) 

2 1.5 1 .5 0 



Surge Current 



0 1 ^ 1 ^ 1 ^ J 

1 2 5 10 20 50 100 

CYCLES AT 60Hz 
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SCRs 

0.5 Amp, Planar 


JAN & JANTX 2N3027-2N3032 


FEATURES 

• JAN and JANTX Types Available 

• Fully Characterized for “Worst Case” Design 

• Passivated Planar Construction for Maximum 
Reliability and Parameter Uniformity 

• Low On-State Voltage and Fast Switching 
at High Current Levels 

• Typical Turn-On Time: 0.12/4S 

• Typical Recovery Time: 0.7 fis 

• Pulse Currents: to 30A 


DESCRIPTION 

The 2N3027 series of planar SCRs (controlled switches) are Intended for use in 
military and space applications requiring a high degree of reliability. They offer a 
unique combination of extremely fast switching, precise triggering, high pulse 
power, small size. Intrinsic parameter stability, and high radiation tolerance. 

The JAN and JANTX types are specified under MIL-S-19500/419, and are included 
In MIL-STD-701 as recommended types for military usage. 


ABSOLUTE MAXIMUM RATINGS 


Repetitive Peak Off-State Voltage, Vp^,^ 
Repetitive Peak Reverse Voltage, V,^,^,^ .. 
D.C. On-State Current, 1^^ 

100°C Case 

75°C Ambient 

Repetitive Peak On-State Current, 1^^,^ 
Surge (Non-Rep.) On-State Current, Ijsm 

50ms 

Sms 

Peak Gate Current, 1^^ 

Average Gate Current, 

Reverse Gate Voltage 

Reverse Gate Current 

Storage Temperature Range 

Operating Temperature Range 


JAN & JANTX 2N3027 JAN & JANTX 2N3028 JAN & JANTX 2N3029 

JAN & JANTX 2N3030 JAN & JANTX 2N3031 JAN & JANTX 2N3032 

30V 60V lOOV 

30V 60V lOOV 

500mA 

250mA 

30A 

5A 

8A 

250mA 

25mA 

5V 

3mA 

-65°C to +200°C 

-65°C to +150°C 


Note: Blocking voltage ratings apply over the operating temperature range, provided the gate is connected to the cathode through an 
appropriate resistor, or adequate gate bias is used. (See section on bias stabilization.) 


MECHANICAL SPECIFICATIONS 









ELECTRICAL SPECIFICATIONS (at 25°C unless noted) 
2N3027 — 2N3028 — 2N3029 


JAN & JANTX 2N3027-2N3032 


Parameter 

Symbol 

Min. 

Typical 

Max. 

Units 

Test Conditions 

SUBGROUP 1 

Visual and Mechanical 

_ 



_ 



MIL-STD-750 

Method 2071 

SUBGROUP 2 (25°C Tests) 

Off-State Current 

^DRM 


.002 

0.1 

^A 

RgK = IKj Vpp^ = Rating 

Reverse Current 

^RRM 

— 

.002 

0.1 

aA 

Rgk = IK, Vrr^ = Rating 

Reverse Gate Voltage 

Vgr 

5 

8 

— 

V 

IgR = 0.1mA 

Gate Trigger Current 

»GT 

-5 

8 

200 

aA 

Rgs = lOK, V, = 5V 

Gate Trigger Voltage 

Vgt 

.40 

.55 

.80 

V 

Rgs = lOOfi, Vd = 5V 

On-State Voltage 

Vt 

0.8 

1.2 

1.5 

V 

i^ = lA (pulse test) 

Holding Current 

Ih 

0.3 

0.7 

5.0 

mA 

Rgk = IK, Vd = 5V 

SUBGROUP 3 (25°C Tests) 

Off-State Voltage — Critical Rate of Rise 

dv^/dt 

30 

60 



v/as 

Rg, = IK, Vd = 30V 

Gate Trigger-on Pulse Width 

tpg (on) 

_ 

.07 

0.2 

/iS 

Ig = 10mA, It = lA, Vd^^ = 30V 

Delay Time 

pg^on 

— 

.08 

— 

(iS 

Ig = 10mA, It = lA, V^ = 30V 

Rise Time 


_ 

.04 

— 

AS 

Ig = 10mA, It = lA, Vp = 30V 

Circuit Commutated Turn-off Time 


— 

0.7 

2.0 

AS 

It = lA, Ir = lA, RgK = IK 

SUBGROUP 4 (150“C Tests) 

High Temp. Off-State Current 

^DRM 


2 

20 i 

fiA 

Rgk = IK, Vdrm = Rating 

High Temp. Reverse Current 

*RRM 

_ 

20 

50 ! 


Rgk = IK, Vrrm = Rating 

High Temp. Gate Trigger Voltage 

Vgt 

.10 

.15 

0.6 

V 

Rgs = lOOn, Vq = 5V 

High Temp. Holding Current 

•h 

.05 

.20 

1.0 

mA 

Rg,=rlK, Vd = 5V 

SUBGROUP 5 (-eS^C Tests) 

Low Temp. Gate Trigger Voltage 

V 

''gt 

0.6 

0.75 

1.1 

V 

Rgs = lOOn, Vd = 5V 

Low Temp. Gate Trigger Current 

'gt 

0 

150 

1.2 

mA 

Rgs = lOK, Vd = 5V 

Low Temp. Holding Current 

'h 

0.5 

3.5 

10 

mA 

Rg, = lK, Vp = 5V 


ELECTRICAL SPECIFICATIONS (at 25°C unless noted) 
2N3030 — 2N3031 — 2N3032 


Parameter 

Symbol 

Min. 

Typical 

Max. 

Units 

Test Conditions 

SUBGROUP 1 

Visual and Mechanical 


_ 




MIL-STD-750 

Method 2071 

SUBGROUP 2 (25°C Tests) 

Off-State Current 

*DRM 



.002 

0.1 

mA 

Rgk = IK, VoRM = Rating 

Reverse Current 

*RRM 

— 

.002 

0.1 

/.A 

Rgk = IK, Vrrm = Rating 

Reverse Gate Voltage 

Vgr 

5 

8 

— 

V 

iGR — 0-lmA 

Gate Trigger Current 

Ut 

-5 


20 

mA 

Res = lOK, Vp = 5V 

Gate Trigger Voltage 

Vgt 

0.44 


0.6 

V 

Res = 100S2, Vp = 5V 

On-State Voltage 

Vt 

0.8 

1.2 

1.5 

V 

ij = lA (pulse test) 

Holding Current 

«H 

0.3 

1.0 

4.0 

mA 

ReK = IK, V, = 5V 

SUBGROUP 3 (25°C Tests) 

Off-State Voltage — Critical Rate of Rise 

dvjdt 

30 

60 

_ 

v/as 

Rgk = 1K,Vd = 30V 

Gate Trigger-on Pulse Width 

tpg (on) 

_ 

.05 

0.1 

fiS 

le = 10mA, \j = lA, V^ = 30V 

Delay Time 

td 

_ 

0.1 

— 

fiS 

le = 10mA, 1^ = lA, Vp = 30V 

Rise Time 


_ 

.05 

— 

AS 

le = 10mA, \j = lA, V^ = 30V 

Circuit Commutated Turn-off Time 

tg 

— 

0.7 

2.0 

AS 

1, = lA, i, = lA, ReK = IK 

SUBGROUP 4 (150°C Tests) 

High Temp. Off-State Current 

'drm 


2 

20 

/.A 

Rgk = IK, VpRM = Rating 

High Temp. Reverse Current 

Irrm 

— 

20 

50 

aA 

Rgk = IK, Vrrm = Rating 

High Temp. Gate Trigger Voltage 

Vgt 

.10 

.15 

0.4 

V 

Res = lOOn, Vd = 5V 

High Temp. Holding Current 

'h 

.05 

.30 

2.0 

mA 

ReK = IK, Vp = 5V 

SUBGROUP 5 {-65“C Tests) 

Low Temp. Gate Trigger Voltage 

Vgt 

0.44 

0.8 

0.95 

V 

Res = lOOn, Vp = 5V 

Low Temp. Gate Trigger Current 

Igt 

0 

0.4 

0.5 

mA 

Res = lOK, Vp = 5V 

Low Temp. Holding Current 


0.5 

5.0 

8 

mA 

ReK = IK, Vp=:5V 


High Reliability Processing 

The 2N3027-2N3032 series provides a complete range of high reliability processing 
from the standard devices that undergo extensive electrical testing, through JAN 
and JANTX levels. 100% processing, Group B, and Group C tests for JAN and JANTX 
devices is shown below. For further details, see MIL-S-19500/419(EL). 


100% Screening TX-Types 

High Temperature Storage 
Temperature Cycling 
Constant Acceleration 
Fine & Gross Hermetic Seal 
Electrical Test 
Burn-in 

Electrical Test 


Group B Tests 

Subgroup 1 — Physical Dimensions 
Subgroup 2 — Solderability 

Temperature Cycling 
Thermal Shock 
Constant Acceleration 
Moisture Resistance 
Subgroup 3 — Surge Current 
Subgroup 4 — Blocking Life Test 
Subgroup 5 — Storage Life Test 
Subgroup 6 — Operating Life Test 
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Group C Tests 

Subgroup 1 — Shock 

Vibration, Variable Frequency 
Subgroup 2 — Salt Atmosphere 
Subgroups — Terminal Strength 
Subgroup 4 — High Temp. Anode Voltage — Critical 
rate or rise 

Subgroup 5 — Storage Life Test 
Subgroup 6 — Operating Life Test 
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max. Ih — max. holding current (mA) MINIMUM CRITICAL dv/dt (v/^s) i Igt “ GATE TRIGGER CURRENT (mA) 


JAN & JANTX 2N3027-2N3032 


TYPICAL CHARACTERISTICS 
2N3027 — 2N3028 — 2N3029 


1 Gate Trigger Current 


1400 

1200 
lOOC 

800 

600 

400 
200 

0 

-200 

—65 —25 0 25 50 75 100 125 150 

Tj — JUNCTION TEMPERATURE (°C) 

500 
200 
100 
50 

20 
10 
5 

2 
1 
.5 

.2 

1 2 5 10 20 50 100 200 

Vp — APPLIED OFF-STATE VOLTAGE (V) 


3 Min. Critical dv/dt (25°C — R Bias) 







II 





i!S 


^3^ 

'•'r 





n 

V 

IK 

1\ 





i 







m 

s 


d 

V 

■i 





m 

mm 



25°C 

I 


H 

Hi 




\ 



- 30K 



— BIA! 

— DAS 
ADD 

3ED AS 






r 


5MUWIN IIN hlU. X 

1 1 



ED BETWEEN GATE AND CATHODE 

L ^ 1 ^ ^ 



5 Max. Holding Current (Resistor Bias) 



—65 —25 0 25 50 75 100 125 150 

Tj — JUNCTION TEMPERATURE (°C) 


2 Gate Trigger Voltage 



—65 —25 0 25 50 75 100 125 150 

Tj — JUNCTION TEMPERATURE {°C) 


4 Min. Critical dv/dt (125°C — R Bias) 



1 2 5 10 20 50 100 200 

Vp — APPLIED OFF-STATE VOLTAGE (V) 


6 Min. Holding Current (Resistor Bias) 



Tj — JUNCTION TEMPERATURE (°C) 
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MAX. — MAX. HOLDING CURRENT (mA) MINIMUM CRITICAL dv/dt (v//iS) | i Igt — GATE TRIGGER CURRENT (/xA) 


JAN & JANTX 2N3027-2N3032 


TYPICAL CHARACTERISTICS 
2N3030~2N3031 — 2N3032 

1 Gate Trigger Current 

600 

500 

400 

300 

200 

100 

0 

-100 
-200 

—65 —25 0 25 50 75 100 125 150 

Tj — JUNCTION TEMPERATURE (°C) 

3 Min. Critical dv/dt (25°C — R Bias) 




5 Max. Holding Current (Resistor Bias) 



—65 —25 0 25 50 75 100 125 150 

Tj — JUNCTION TEMPERATURE (X) 


2 Gate Trigger Voltage 



Tj — JUNCTION TEMPERATURE (°C) 


4 Min. Critical dv/dt (125°C — R Bias) 



1 2 5 10 20 50 100 200 


Vq— APPLIED OFF-STATE VOLTAGE (V) 

6 Min. Holding Current (Resistor Bias) 



Tj — JUNCTION TEMPERATURE (X) 
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AVG. ON-STATE CURRENT (A) 1^,^^ — REPETITIVE PEAK ON-STATE CURRENT (A) It — ON-STATE CURRENT (A) 


JAN & JANTX 2N3027-2N3032 


CURRENT RATINGS 

Cl Forward on Current vs. Voltage 



.05 .1 .2 .5 1 2 5 10 20 50 

— ON-STATE VOLTAGE (V) 


C3 Peak Current vs. Ambient Temperature 
TO-18 Ratings (see note) 

P^ — POWER DISSIPATION (W) 



0 25 50 75 100 125 150 

Ta max — AMBIENT TEMPERATURE (X) 


C2 Peak Current vs. Case Temperature 

P^ — POWER DISSIPATION (W) 



90 100 110 120 130 140 150 

Tc — MAX. CASE TEMPERATURE (°C) 


C4 Surge Current vs. Time 



\ 

s\ 



IpBEF 
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\ 




BLOCKING VOLTAGE 

MAY RF APPI IPn AFTF 


\ 



SURC 

;e 



N 

N 









\!;c= 

lOOX 

DASF 

NOT 

SECC 

LINE 
BE SL 
NDS 

BLOC 

JSTAI^ 

AFTER 

.KING 
JED F( 
SURC 

VOLT 
OR 0.1 
5E 

AGE M 

lAY 

lOOX 


10-5 10-4 10-3 10-2 10-1 1 10 102 103 

SURGE DURATION (Sec) 


C5 Average Current vs. Case Temperature 

P^ — POWER DISSIPATION (W) 



90 100 110 120 130 140 150 

Tc max — max. CASE TEMPERATURE (°C) 


C6 Average Current vs. Ambient Temperature 
TO-18 Ratings (see note) 

P^ — POWER DISSIPATION (W) 



0 25 50 75 100 125 150 

Ta ma. — max. AMBIENT TEMPERATURE (°C) 
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JAN & JANTX 2N3027-2N3032 


SWITCHING SPEEDS 



.01 .02 .05 .1 .2 .5 1 2 5 10 20 

Ig — PULSE GATE CURRENT (mA) 


S2 Maximum Delay Time Rise Time t^, 
and Gate Trigger Pulse Width tpg (on) 



—65 —25 0 25 50 75 100 125 150 

Tj — JUNCTION TEMPERATURE {°C) 


LU 

5 


S3 Maximum Delay Time t^, Rise Time t^, 
and Gate Trigger Pulse Width tpg (on) 



It — ON-STATE CURRENT (A) 


S4 Maximum Circuit Commutated 
Turn-off Time t^ 



S5 Maximum Circuit Commutated 



' .1 .2 .5 1 2 5 10 20 

It — ON-STATE CURRENT (A) 
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2N5724-2N5728 


SCRs 

1.6 Amp, Planar 


FEATURES 

• Maximum Gate Trigger Current: 20/iA 

• Closely Controlled Gate Trigger Voltage: 
.44 to .6V 

• Operating Current Range: 2mA to 1.6A 

• Voltage Ratings: to 400V 

• Low On-State Voltage 

• Specified for dv/dt and Switching Time 


DESCRIPTION 

These devices are intended for general purpose usage in Military/aerospace or severe 
industrial environments. Major design parameters are specified at the temperature 
extremes, thus permitting worst case design on the basis of guaranteed values. 

These devices undergo 100% preconditioning, which includes high temperature 
storage and temperature cycling followed by a fine leak test as a regular part of the 
manufacturing procedure. 

The high voltage types of the 2N5724 series are especially useful as pulse modulator 
switches in low to medium power pulse modulator applications. Specific parameters 
such as rise time, delay time, holding current, and recovery time can be selected 
for optimum performance in a pulse modulator circuit. 


ABSOLUTE MAXIMUM RATINGS 

2N5724 2N5725 

Repetitive Peak Off-State Voltage, V^^^ 60V lOOV . 

Repetitive Peak Reverse Voltage, V^^^ 60V lOOV 

Non-Repetitive Peak Off-State Voltage, V^sm 

D.C. On-State Current, \j 

75°C Ambient 

85°C Case 

Repetitive Peak On-State Current, 

Peak One Cycle Surge (Non-Rep.) On-State Current, 

Peak Gate Current, 

Average Gate Current, 

Reverse Gate Current, Igp, . . 

Reverse Gate Voltage, Vg^ 

Operating and Storage Temperature Range 


2N5726 2N5727 2N5728 

.. 200V 300V 400V 

.. . 200V 300V 400V 

. 500V 


450mA 

1.6A 

. up to 30A 

15A 

. 250mA 

25mA 

. . 3mA 

.. .. 6V 

-65°C to -f 150°C 


MECHANICAL SPECIFICATIONS 


2N5724-2N5728 






UNITRODE 
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2N5724-2N5728 

ELECTRICAL SPECIFICATIONS 


Test 

Symbol 

Min. 

Typical 

Max. 

Units 

Test Conditions 

SUBGROUP 1 







Visual and Mechanical 

— 

— 

— 

— 

— 


SUBGROUP 2 (25°C TESTS) 







Off-State Current 

*DRM 

— 

.05 

0.1 


Rgk = IK, Vdr^ =: Rating 

Reverse Current 

*RRM 

— 

.05 

0.1 

aA 

^GK — 1K> = Rating 

Reverse Gate Voltage 


5 

8 

— 

V 

*GR — 0-lmA 

Gate Trigger Current 

'gt 

— 

2 

20 

mA 

Res = lOK, Vd = 5V 

Gate Trigger Voltage 

Vgt 

0.44 

0.5 

0.6 

V 

Res = 100S2, Vp = 5V 

On-State Voltage 

Vt 

— 

2.3 

2.5 

V 

\j = 5A (pulse test) 

Holding Current 

Ih 

0.3 

0.8 

2.0 

mA 

ReK = IK, Vd = 5V 

SUBGROUP 3 (25“C TESTS) 







Off-State Voltage — Critical Rate of Rise 

dv/dt 

100 

150 

— 

V//4S 

ReK = IK, Vd = 30V 

Gate Trigger — on Pulse Width 

tpq 

— 

0.1 

0.5 

fiS 

le = 10mA, It = lA, V^ = 30V 

Delay Time 

td 

— 

0.1 

— 

fis 

le = 10mA, It = lA, V^ = 30V 

Rise Time 


— 

0.3 

— 

fis 

le = 10mA, It = lA, V^ = 30V 

Circuit Commutated Turn-off Time 







2N5724, 2N5725, 2N5726, 

2N5727, 2N5728 

‘q 

I 

15 

30 

30 

50 

(IS 

It == lA, i^ = lA, ReK = IK 

SUBGROUP 4 (150°C TESTS) 







High Temp. Off-State Current 

Idrm 

— 

50 

200 

(i/K 

ReK = IK, Vdrm = Rating 

High Temp. Reverse Current 

Irrm 

— 

80 

200 

mA 

Rgk — tK, Vrr^ = Rating^ 

High Temp. Gate Trigger Voltage 

Vgt 

0.10 

0.15 

— 

V 

Res = 100S2, = 5V 

High Temp. Holding Current 

Ih 

0.10 

0.15 

— 

mA 

ReK = IK, Vd = 5V 

SUBGROUP 5 (-65°C TESTS) 







Low Temp. Gate Trigger Voltage 

Vgt 

— 

0.7 

0.9 

V 

Res = lOOrL Vd = 5V 

Low Temp. Gate Trigger Current 


— 

50 

125 

mA 

Res = lOK, Vd = 5V 

Low Temp. Holding Current 

Ih 

— 

1.2 

3.0 

mA 

ReK = IK, Vd = 5V 


Note 1 See rating curves for full rating information. 

Note 2 Blocking voltage ratings apply over the full operating temperature range, provided the gate is connected to the cathode through a 
resistor, IK or smaller, or other adequate gate bias is used. 


Gate Trigger Current 



—65 —25 0 25 50 75 100 125 150 

Tj — JUNCTION TEMPERATURE (“C) 


Gate Trigger Voltage 



—65 —25 0 25 50 75 100 125 150 

Tj — JUNCTION TEMPERATURE (‘’C) 
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PUTS 

Planar, TO-18, Hermetic 


2N6119-2N6120 


FEATURES DESCRIPTION 

• Hermetically Sealed TO-18 Metal Can Functionally equivalent to standard unijunction transistors, Unitrode’s Programmable 

• Programmable Eta, Rge, Ip and ly Unijunction Transistors offer the distinct advantage of versatile programming. External 

• Maximum Peak Point Current: ISOnA resistors can be added to meet the designer’s needs in programming Eta, Rgs, Ip and ly 

• Minimum Valley Current to 1.5mA functions. This series also features a hermetically sealed TO-18 package for optimum 

• Nano-Amp Leakage reliability in ail environmental conditions. Applications include pulse and timing 

• Passivated Planar Construction for Maximum circuits, SCR trigger circuits, relaxation oscillators and sensing circuits. For additional 

Reliability and Parameter Uniformity information see Unitrode Application Note U-66. 


ABSOLUTE MAXIMUM RATINGS 

Anode-to-Cathode Voltage, V^^^ ±40V 

Gate-to-Cathode Forward Voltage, V^^ 

Gate-to-Anode Reverse Voltage, V^^^ 40V 

Gate-to-Cathode Reverse Voltage, Vq^r 

Peak Recurrent Forward Current 

lOfiSj 1% Duty Cycle 8A 

100/iS, 1% Duty Cycle 5A 

Power Dissipation 

25°C Ambient 400mW 

Derating Factor 3.2mW/°C 

Storage Temperature — 55°C to +125°C 

Operating Temperature Range — 55°C to -i-125'’C 


MECHANICAL SPECIFICATIONS 







ELECTRICAL SPECIFICATIONS (at 25°C unless noted) 


2N6119-2N6120 






2N6119-2N6120 


Typical Peak Point Current 
vs. Gate Source Voltage 


lOKO 

1 


— 

2N61 

-- 2N61 

19 

20 





lOKfi 

IMO 



— 






Re=lMO 

■x 

•v 

'~~~i 




0 5 10 15 20 

V 5 — GATE SOURCE VOLTAGE (V) 



-80 -60 -40 -20 0 20 40 60 80 100 120 140 160 


T^ — AMBIENT TEMPERATURE (°C) 


Typical Valley Current 



0 5 10 15 20 

Vs — GATE SOURCE VOLTAGE (V) 


Typical Valley Current 



-80 -60 -40 -20 0 20 40 60 80 100 120 140 160 
T^ — AMBIENT TEMPERATURE rC) 
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GATE ANODE BLOCKING CURRENT (M) 


2N6119-2N6120 


Typical Offset Voltage 



-80-60-40-20 0 20 40 60 80 100120140160 
T^ — AMBIENT TEMPERATURE (°C) 


Typical Pulse Output 
vs. Circuit Supply Voltage 



0 4 8 12 16 20 24 28 32 36 40 44 48 52 56 

V — CIRCUIT SUPPLY VOLTAGE (V) 


Gate-Anode Blocking Current 
vs. Ambient Temperature 



T^ — AMBIENT TEMPERATURE (X) 



.1 1 10 100 
Vp — ON-STATE VOLTAGE (V) 
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2N6137 


PUTS 

Military, Planar, TO-18, Hermetic 


FEATURES 

• Available as JAN and JANTX types 
per MIL standard 19500/493 

• — 55°C to +125°C Temperature Range 
for Timing and Oscillator Circuits 

• Ip < 10//A at T = -55°C 
Iv ^ 40AiA at T = +125°C 

• Programmable -q, Rgg, Ip and ly 

• Peak Recurrent Current: of 5A 

• Low On-State Voltage Drop 

• Hermetically Sealed Metal Case and 
Planar Passivated Construction for 
Maximum Reliability and Parameter Stability. 


DESCRIPTION 

The Programmable Unijunction Transistor Is functionally equivalent to a standard 
unijunction transistor with the adva'^tage that external resistors can be used to 
program 17 , Rgg, Ip, and ly, depending upon the designer’s needs. The Unitrode 
device. In addition to allowing programmable versatility, is completely planar 
passivated and packaged In a TO-18 hermetically sealed package, which offers an 
order of magnitude improvement In Inherent reliability over many similar devices. 
Applications Include pulse and timing circuits, SCR trigger circuits, relaxation 
oscillators, and sensing circuits. For further application information see Unitrode 
Application Note U- 66 . 


ABSOLUTE MAXIMUM RATINGS 


Anode-to-Cathode Forward Voltage, V^^ 40V 

Anode-to-Cathode Reverse Voltage, V^^r 

Gate-to-Cathode Forward Voltage, V^^ 40V 

Gate-to-Anode Reverse Voltage, V^^r 40V 

Gate-to-Cathode Reverse Voltage, V^kr 5V 

Peak Recurrent Forward Current, 10/is 1% Duty Cycle 5A 

Peak Gate Current, 1^^ 250mA 

Average Gate Current, l^^^yj 50mA 

Power Dissipation 

25°C Ambient 300mW 

Derating Factor 2.4mW/°C 

Storage Temperature Range — 55°C to -fl25°C 

Operating Temperature Range — 55°C to -fl25°C 


MECHANICAL SPECIFICATIONS 


^ c 




==c==. 

D 


1 

^ F 

^ E 



ANODE CONNECTED TO CASE 


2N6137 



INCHES 

MILLIMETERS 

A 

.178- 195 DIA. 

4.52-4.95 DIA. 

B 

.170-210 

4.31-5.33 

C 

.5 MIN. 

12.70 MIN. 

D 

.209- 230 DIA. 

5.31-5.84 DIA 

E 

017 i .002 DIA. 

* .001 DIA. 

,432 . 

T" 

.020 MAX. 

.508 MAX. 

G 

.100±.010 DIA 

2.541.254 DIA. 

H 

.0411.005 

1.041 127 

J 

.028-.048 

.711-1.22 
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ELECTRICAL SPECIFICATIONS (at 25°C unless noted)t 


2N6137 


Test 

Symbol 

Figure 

Minimum 

Typical 

Maximum 

Units 

Test Conditions 

SUBGROUP 1 Visual and Mechanical 

- 

- 


- 

- 

- 

- 

SUBGROUP 2 

Gate-anode blocking current 

*GAO 

2 


2 

10 

nA 

Ve^ = Rating 

Gate-cathode blocking current 

Uks 

3 

— 

5 

100 

nA 

V^, rz Rating 

SUBGROUPS 








Peak-point anode current 

Ip 

1 


1 

2 

aA 

^:=lor|v..=iov 



— 

2.5 

5 

aA 

Peak-point offset voltage 

Vt 

1 

0.2 

0.26 

1.6 

V 

r: = 1ok"®(v-. = iov 




0.2 

0.35 

0.6 

V 

Valley-point anode current 

Iv 

1 

— 

15 

50 

//A 

Ro = 1 Meg / 



70 

200 

— 

aA 

R. = lOK } V, zz lOV 




1.5 ! 

2 

— 

mA 

Rs = 20012 \ 

SUBGROUP 4 

Forward on-state voltage 

Vp 

4 


0.85 

1.0 

V 

Ip == 50mA 

Peak pulse voltage 

Vo 

5 

9 

12 

— 

V 


Peak pulse voltage rise time 

t^ 

5 

__ 

50 

80 

ns 


SUBGROUPS 

Gate-anode blocking current (125°C Test) 

'gao 

2 


150 

500 

nA 

- Rating 

Valley-point anode current (125°C Test) 

Iv 

1 

40 

100 

— 

aA 

R^ = lOK, y, = lOV 

Peak-point anode current (— 55°C Test) 

Ip 

1 

— 

7.5 

10 

aA 

Rc, =z lOK, V, :z: lOV 


t All values in table are JEDEC registered 



a) Typical Circuit 



b) Equivalent Test Circuit 


NEGATIVE 
RESISTANCE 
Ip ^REGION 
SWITCH 


VALLEY 

CURRENT 


PEAK POINT 
CURRENT 



VALLEY VOLTAGE VOLTAGE 


Figure 1 



Figure 2 Figure 3 Figure 4 
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ON-STATE CURRENT (A) 







SCRs 

.5A, Planar 


AA100-AA104 

AA107-AA111 

AA114-AA118 


FEATURES 

• Maximum Gate Trigger Current: 2, 20 or 200/iA 

• Tight Gate Trigger Voltage Range: .44 to .6V 

• Voltage Ratings: to 400V 

• Specified for dv/dt and Switching Time 


DESCRIPTION 

This data sheet describes Unitrode's AA Series 0.5A SCRs designed for low-current 
sensing applications. Units are available in a complete range of blocking voltages 
from 60 to 400 volts. 

The AAIOO series offers a maximum gate trigger current of 2.0 microamps making 
it the most sensitive device of its type. The AA107 series has a maximum l^j of 
20(uA while this parameter Is specified at 200iuA for the AA114 series. 


ABSOLUTE MAXIMUM RATINGS 

AAIOO 

AA107 

AA114 


Repetitive Peak Off-State Voltage, V^r,^ 60V 

Repetitive Peak Reverse Voltage, Vrr^ 60V 

Non-Repetitive Peak Reverse Voltage, V^j,^ 80V 

Non-Repetitive Peak Off-State Voltage, Vqsm 

D.C. On-State Current, \j 

75°C Ambient 

100°C Case .. 

Repetitive Peak On-State Current, 1^^,^ 


Peak One Cycle Surge (Non-Rep.) On-State Current, l^s,^ . 

Peak Gate Current, 

Average Gate Current, l^j^yj 

Reverse Gate Voltage Vg^ 

Operating and Storage Temperature Range 


AA101 

AA102 

AA103 

AA104 

AA108 

AA109 

AA110 

AA111 

AA115 

AA116 

AA117 

AA118 

lOOV 

200V 

300V 

400V 

lOOV 

200V 

300V 

400V 

150V 

300V 

400V 

500V 


50OV. 


. . . 250mA 

. 500mA 

, up to 30A . . 

5A 

250mA 

. .. . 25mA 

6V 

. .. -65°C to +150°C 


MECHANICAL SPECIFICATIONS 


AA100-AA104 AA107-AA111 AA114-AA118J 



h B - 


1 I 

A I 

n 

I; 

J 

- F 


90= ± 

~T CATHODE 




INCHES 

MILLIMETERS 

A 

178- 195 DIA 

4.52-4 95 DIA 

B 

170-210 

4.31-5.33 

C 

5 MIN 

12 70 MIN 

-2J 

209-.230 DIA 

5 31-5 84 DIA 

E 

ni7 4.002 DIA 
* .001 DIA. 

432 ± Q25 

T1 

020 MAX 

508 MAX 


100± 010 DIA. 

2.54±.254 DIA 

TTi 

041 ±005 

1.04± 127 

71 

.028-.048 

.711-1.22 
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AA100-AA104 AA107-AA111 AA114-AA118 

ELECTRICAL SPECIFICATIONS (at 25°C unless noted) 


Parameter 

Symbol 

Min. 

Typical 

Max. 

Units 

Test Conditions 

SUBGROUP 1 







Visual & Mechanical 

— 

— 

— 

— 

— 

— 

SUBGROUP 2 (25°C TESTS) 







Off-State Current 

*DRM 

— 

.01 

0.1 

aA 

Rsk = IK, VpR„ = Rating 

Reverse Current 

Irrm 

— 

.01 

0.1 

mA 

Rsk = IK, = Rating 

Reverse Gate Current 

^GR 

— 

0.1 

0.2 


Vgr = 2V 

Gate Trigger Current 

*GT 





Res = lOK, Vd = 5V 

AAlOO-104 


— 

0.2 

2.0 

M 


AA107-111 


— 

2.0 

20 

mA 


AA114-118 


— 

20 

200 

mA 


Gate Trigger Voltage 

Vgt 

0.44 

0.52 

0.60 

V 

Res =r im, Vd = 5V 

On-State Voltage 

Vt 

— 

1.1 

1.5 

V 

1^ = 1.0 A (pulse) 

Holding Current 

'h 

0.3 

0.5 

2.0 

mA 

Rgk = 1K 

SUBGROUP 3 (25°C TESTS) 







Off-State Voltage — Critical Rate of Rise 

dv/dt 

50 

100 

— 

V/juS 

ReK=:lK,V, = 30V 

Gate Trigger — on Pulse Width 

tpg (on) 

— 

0.5 

2.0 

/iS 

le = 10mA, It = lA, V^ = 30V 

Delay Time 

td 

— 

0.6 

— 

fiS 

le = 10mA, It = lA, V^ = 30V 

Rise Time 

t. 

— 

0.4 

— 

fis 

le = 10mA, It = lA, V^ = 30V 

Circuit Commutated Turn-off Time 


— 

20 

50 

fiS 

It = lA, 1, = lA, ReK = IK 

SUBGROUP 4 (125°C TESTS) 







Off-State Current 

^DRM 

— 

10 

20 

i^A 

^GK — ^K, Vq,^^ Rating 

Reverse Current 

*RRM 

— 

30 

100 


^GK == IK, rr Rating 

Gate Trigger Voltage 

Vgt 

0.15 

0.2 

— 

V 

Res = 100S2, Vd = 5V 

Holding Current 

•h 

0.2 

0.4 1 

1.5 

mA 

ReK = IK 


Note: Blocking voltage ratings apply over the full operating temperature range, provided the gate is connected to the cathode through a re- 
sistor, 1000 ohms or smaller, or other adequate bias is used. 


Gate Trigger Current 
AA100 Series 



-65 -25 0 25 50 75 100 125 150 


Tj -■ JUNCTION TEMPERATURE (-C) 


Gate Trigger Current 
AA107 Series 




















































ALL L 

INITS 

FIRE 






1st max. 






Is, MIN. 



^///z 



NO UNITS FIRE 


1 

'<(/// 















i J 



-25 0 25 50 75 100 125 150 

T, — JUNCTION TEMPERATURE ("C) 


Gate Trigger Current 
AAt14 Series 



—65 —25 0 25 50 75 100 125 150 

Tj — JUNCTION TEMPERATURE CC) 


Gate Trigger Voltage 



-65 -25 25 50 75 100 125 150 

Tj — JUNCTION TEMPERATURE (°C) 
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AVG. ON-STATE CURRENT (A) MAX. — MAX. HOLDING CURRENT (mA) 


AA100-AA104 AA107-AA111 AA114-AA118 


Max. Holding Current 


Min. Holding Current 



-65 -25 0 25 50 75 100 125 150 

Tj — JUNCTION TEMPERATURE ("C) 



Tj — JUNCTION TEMPERATURE (“C) 


Avg. Current vs. Case Temperature 



90 100 110 120 130 140 150 

Tc m,, — WAX. CASE TEMPERATURE (°C) 


Avg. Current vs. Ambient Temperature 



0 25 50 75 100 125 150 

Ta — WAX. AMBIENT TEMPERATURE {”0 


Surge Current 
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SCRs 

L6Amp, Planar 


AD100-AD104 

AD107-AD111 

AD114-AD118 


FEATURES 

• Maximum Gate Trigger Current: 2, 20 or 200/iA 

• Tight Gate Trigger Voltage Range; .44 to .6V 

• Voltage Ratings: to 400V 

• Specified for dv/dt and Switching Time 


DESCRIPTION 

This data sheet describes Unitrode’s AD Series 1.6A SCRs designed for medium- 
current control and sensing applications. Units are available in a complete range 
of blocking voltages from 60 to 400 volts. 

The ADIOO series offers a maximum gate trigger current of 2.0 microamps making 
it the most sensitive device of its type. The AD107 series has a maximum 10^ of 
ZOfiA while this parameter is specified at 200 mA for the AD114 series. 


ABSOLUTE MAXIMUM RATINGS 

ADIOO 

AD107 

AD114 

Repetitive Peak Off-State Voltage, Vp,^,^ GOV 

Repetitive Peak Reverse Voltage, V^^^^ GOV 

Non-Repetitive Peak Reverse Voltage, V,^si^ 80V 

Non-Repetitive Peak Off-State Voltage, Vps^ 

D.C. On-State Current, 1^ 

75°C Ambient 

85°C Case 

Repetitive Peak On-State Current, Ij^,^ 

Peak One Cycle Surge (Non-Rep.) On-State Current, Ijs,^ .... 

Peak Gate Current, 

Average Gate Current, Igjav) 

Reverse Gate Voltage, Vg,^ 

Operating and Storage Temperature Range 


AD101 

AD102 

AD103 

AD104 

AD108 

AD109 

AD110 

AD111 

AD115 

AD116 

AD117 

AD118 

.. lOOV 

200V 

300V 

400V 

... lOOV 

200V 

300V 

400V 

... 150V 

300V 

.. . .500V 

400V 

500V 


450mA 

1.6A 

up to 30A 

15A 

250mA 

25mA 

6V 

-65°C to -f 150°C. 


MECHANICAL SPECIFICATIONS 


A0100-A0104 AO107-AD111 AD114-AD118 
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AD100-AD104 AD107-AD111 AD114-AD118 


ELECTRICAL SPECIFICATIONS (at 25°C unless noted) 


Parameter 

Symbol 

Min. 

Typical 

Max. 

Units 

Test Conditions 

SUBGROUP 1 







Visual & Mechanical 

— 

— 

— 

— 

— 


SUBGROUP 2 (25°C TESTS) 







Off-State Current 

^DRM 

— 

.01 

0.1 

nA 

I^GK — ^1^' Vqi^i^ = Rating 

Reverse Current 

^RRM 

— 

.01 

0.1 

fiA 

Rgk = IK, Vrru = Rating 

Reverse Gate Current 

Ur 

— 

0.1 

0.2 

/lA 

Vgr = 2V 

Gate Trigger Current 

Ut 





Res = lOK, Vp = 5V 

ADlOO-104 


— 

0.2 

2.0 

mA 


AD107-111 


— 

2.0 

20 

fiA 


AD114-118 


— 

20 

200 

fiA 


Gate Trigger Voltage 

Vgt 

0.44 

0.52 

0.60 

V 

Res = 100J2, Vd = 5V 

On-State Voltage 

Vt 

— 

1.1 

1.5 

V 

ly = 1.0 Amp (pulse) 

Holding Current 

Ih 

0.3 

0.5 

2.0 

mA 

Rgk = IK 

SUBGROUP 3 (25°C TESTS) 







On-State Voltage-Critical Rate of Rise 

dv/dt 

50 

100 

_ 

V//1S 

ReK = IK, Vd = 30V 

Gate Trigger-on Pulse Width 

Ug (on) 

— 

0.5 

2.0 

(iS 

le = 10mA, \j = lA, V^ = 30V 

Delay Time 

U 

— 

0.6 

— 

fiS 

le = 10mA, \j = lA, V^ = 30V 

Rise Time 

t. 

_ 

0.4 

_ 

/IS 

le = 10mA, It- = lA, V^ = 30V 

Circuit Commutated Turn-off Time 

U 

— 

20 

50 

fiS 

1, = lA, Ir = lA, ReK = IK 

SUBGROUP 4 (125°C TESTS) 







Off-State Current 

Urm 

— 

10 

100 

(iA 

I^GK — ^1^' Vqrm — Rating 

Reverse Current 

*RRM 

— 

30 

100 

[jlA 

Rgk = Vrrk4 = Rating 

Gate Trigger Voltage 

Vgt 

0.15 

0.2 

_ 

V 

Res = 100S2, Vd = 5V 

Holding Current 

Ih 

0.2 

0.4 

1.5 

mA 

Rgk = IK 


Note: Blocking voltage ratings apply over the full operating temperature range, provided the gate is connected to the cathode through a re- 
sistor, 1000 ohms or smaller, or other adequate bias is used. 


Gate Trigger Current 
ADI 00 Series 



—25 0 25 50 75 100 125 150 

Tj — JUNCTION TEMPERATURE (X) 


Gate Trigger Current 
AD107 Series 






— 



— 




ALL L 

NITS 

FIRE 

— 




— 







s- 

i 


— 



-- 

— 



'gt ^ 

AAX. 




1 



Ig, MIN. 






^ 

NO UNITS 

"1“ 

FIRE 

c 




—65 —25 0 25 50 75 100 125 150 

Tj — JUNCTION TEMPERATURE (°C) 


Gate Trigger Current 
AD114 Series 




Tj — JUNCTION TEMPERATURE (X) 
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ON-STATE CURRENT (A) 


AD100-AD104 AD107-AD111 AD114-AD118 


Max. Holding Current 


Min. Holding Current 




25 0 25 50 75 100 125 150 

-JUNCTION TEMPERATURE C’C) 







^ — 

^ 1 

- — — 




L % 

K = JOK 

— 





1 ^ 






—25 0 25 50 75 100 125 150 

T, — JUNCTION TEMPERATURE (°C) 


Avg. Current vs. Case Temperature 

Pp— POWER DISSIPATION (W) 



70 80 90 100 110 120 130 140 150 

T _ MAX. CASE TEMPERATURE (“O 


Avg. Current vs. Ambient Temperature 

Pp — POWER DISSIPATION (W) 


.6 .4 .2 0 


DC 



! 10 

1 


1 ^ 
^ 1 


60 , 

^ 

7 ^ 











^ 





25 50 75 100 125 150 

— MAX. AMBIENT TEMPERATURE ('O 














\ 







1 






















5 I 1 - J I I 1 j \ I 

10“® lO-* 10'^ 10-2 10 1 10 10* 10* 

SURGE DURATION (s) 
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SCRs 

Nuclear Radiation Resistant, Planar 


GAIOO 

GAlOl 

GA102 


FEATURES 

• Optimized for Radiation Resistance 

• Fully Characterized for “Worst Case” 
Design 

• Post Radiation Design Limits Specified 

• Passivated Planar Construction for 
Maximum Reliability and Parameter 
Uniformity 

• Pulse Currents: to 30A 

• Max. Trigger Current 20mA after 
3 X 10'4 NVT 

• Max. Holding Current 30mA after 
3 X 10'^ NVT 


DESCRIPTION 

The GAIOO Series of Radiation Hard SCRs have been designed to provide 
significantly greater radiation tolerance than conventi mal SCRs or Transistors with 
the same current handling ability. This Series is capable of operation after exposure 
to 10 '5 NVT. 

The radiation resistant characteristics of the GAIOO series devices make them 
particularly desirable for use under radiation environments in squib firing circuits; 
inverters and converters; pulse generators; relay drivers; and modulator discharge 
switches. 


ABSOLUTE MAXIMUM RATINGS 

Repetitive Peak Off-State Voltage, V^^^^ 

D.C. On-State Current, 1^^ 

75°C Ambient 

100° C Case 

Repetitive Peak On-State Current, ly^^^ 

Surge (non-rep.) On-State Current, lys,^ (Sq. Pulse-50ms) 

Peak Gate Current, Ig,^ ... 

Average Gate Current, Ig^^yj 

Reverse Gate Voltage, Vg^ 

Reverse Gate Current, Ig^ 

Storage Temperature Range 

Operating Temperature Range 


GAIOO GA101 GA102 

30V 60V 80V 


200mA 

400mA 

up to 30A 

5A 

250mA 

25mA 

5V 

3mA 

. ,. . -65°C to +200°C. 
-65°C to +150°C 


MECHANICAL SPECIFICATIONS 


GAIOO GA101 GA102 



- B - 

- 


1 [ 



1 


J 

^ F 


90 

~T CATHODE 




INCHES 

MILLIMETERS 

A 

.178-.195 DIA. 

4.52-4.95 DIA 

B 

.170-210 

4.31-5.33 

C 

.5 MIN. 

12.70 MIN. 

D 

209-.230 DIA. 

5.31-5.84 DIA. 

E 

Q.y . .002 DIA. 

* .001 DIA. 

..p . .051 
.432 ± q25 


.020 MAX. 

.508 MAX. 

G 

.lOOi.OlO DIA. 

2.54±.254 DIA. 

H 

.041*005 

1.04*127 

J 

.028- 048 

.711-1.22 
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GAIOO GAlOl GA102 


ELECTRICAL SPECIFICATIONS (at 25°C unless noted) 


Test 

Symbol 

Preradiation 

Limits 

Post 3 X IQi'* 
NVT Design 
Limits 

Units 

Test Conditions 



Min. 

Typ. 

Max. 

Min. 

Max. 



SUBGROUP 1 

Visual and Mechanical 

— 


— 

— 

- 

— 

_ 

MIL-STD-750 

Method 2071 

SUBGROUP 2 (25“C Tests) 

Off-State Current 

^DRM 


.005 

0.1 


1.0 

/iA 

Rqk — 220n, Vqr^ = Rating 

Reverse Gate Current 

*GR 

— 

.01 

0.1 

— 

1.0 

;liA 

VsR = 2V 

Input Trigger Current (Note 2) 

1st 

1.8 

2.3 

3.5 

— 

20 

mA 

R(5x = 22012, Vd = 5V 

Gate Trigger Voltage 

Vgt 

0.4 

0.5 

0.7 

— 

1.5 

V 

R(jk = 22012, Vd = 5V 

On-State Voltage 

V, 

0.8 

1.1 

1.5 

— 

3.0 

V 

i, = lA (pulse test) 

Holding Current 

Ih 

0.3 

0.7 

10 

— 

30 

mA 

1 

Rsk = 220n 

SUBGROUP 3 (25°C Tests) 

Off-State Voltage-Critical Rate of Rise 

dv^/dt 

20 

40 




1 

1 

v/as 

R^k = 22012, Vd = 30V 

Gate Trigger-on Pulse Width 

tpg (on) 

— 

.02 

.05 

— 

0.1 

AS 

Ig zz 25mA, It zz 1A, V^ = 30V 

Delay Time 

td 

— 

.02 

— 

-— 

— 

AS 

Ig zz 25mA, It = lA, V^ = 30V 

Rise Time 

t^ 

— 

.05 

— 

_ 

— 

AS 

Ig zz 25mA, It = lA, V^ = 30V 

Circuit Commutated Turn-off Time 

fq 

— 

1.5 

2.5 

— 

1.0 

AS 

It zz 1A, 1r zz 1A, RgK = 22012 

SUBGROUP 4 (125°C Tests) 

High Temp Off-State Current 

Lrm 


10 

100 


i 

100 


Rgk — 22012, Vqr),^ zz Rating 

High Temp Gate Trigger Voltage 

Vgt 

0.1 

.17 

— 

0.1 

— 

V 

RgK zz 22012, Vd zz 5V 


Notes: 1. Off-State voltage ratings apply over the operating temperature range provided the gate is connected to the cathode through an 
appropriate resistor, or other adequate bias is used. 

2. Total Input Trigger Current, including current required by 220S2 gate bias resistance. 


DESIGN CONSIDERATIONS 

1. Curve 1 shows the off-state current, of the SCR as a function of temperature. is increased by radiation damage, 
but is not a design consideration at the recommended gate bias levels. 

In order to optimize for radiation tolerance, reverse blocking capability has not been retained as a design feature. Devices 
with reverse blocking capability can be provided. 

2. Minimum critical dv/dt levels are defined in Curve 2. The dv/dt capability is improved after radiation because of reduced 
triggering sensitivity, dv/dt is therefore a design consideration only prior to radiation. 

3. Curves 3 and 4 show the limits of Gate Trigger Voltage and Total Input Trigger Current prior to radiation. Maximum design 
limits after a total radiation dosage of 3 x lO''^ NVT is also shown. Curves 5 and 6 show the maximum limits of Gate 
Trigger Voltage and Total Input Trigger Currents as a junction of neutron dosage. The minimum level of Trigger current 
prior to radiation is established by the shunting effect of a 220 ohm resistor between gate and cathode. After radiation 
the device is less sensitive and Total Trigger Current will Increase to a level relatively independent of the bias resistance. 
The 220 ohm resistor is recommended since it raises the minimum preradiation trigger current to a level that is closer to 
the past radiation limit and minimizes the percentage change in this parameter. 

4. Current ratings shown in Curves 10, 11, and 12 apply after the device has been subjected to 3 x 10'^ NVT. Current ratings 
prior to radiation are greater than the values indicated. 

5. Gamma radiation produces a reversible ionization (leakage) current within the device which is directly proportional to the 
Gamma flux level. When the Gamma flux level is in the range of 10 to 100 Roentgens per microsecond for burst durations 
greater than 1 microsecond, the device will self trigger ON. For the radiation bursts associated with nuclear explosions, 
the Gamma flux level will invariably cause device triggering at radiation levels significantly below the levels that would 
produce detectable permanent device damage due to cumulative neutron dosage. In applications where the burst effect 
triggering cannot be tolerated, it Is necessary to reset the device after the radiation burst. Special circuit approaches such 
as additional SCRs to crowbar or otherwise cancel the output function may be used. 
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MAX. GATE TRIGGER VOLTAGE (V) — GATE TRIGGER VOLTAGE (V) — OFF-STATE CURRENT (M) 


GAIOO GAlOl GA102 


1. Off-State Current 



25 50 75 100 125 150 


Tj — JUNCTION TEMPERATURE (X) 


3. Gate Trigger Voltage 



2. Minimum Critical DV/DT 



101° 1011 1012 1013 lOK 1015 1016 

NVT 


4. Input Trigger Current 



—65 —25 0 25 50 75 100 125 150 

Tj = JUNCTION TEMPERATURE (X) 


5. Max. Gate Trigger Voltage 



101° 1011 1012 1013 1014 1015 1016 

NVT 


6. Max. Input Trigger Current 



101° ion 1012 1013 1014 1015 1016 

NVT 
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— REPETITIVE PEAK ON-STATE CURRENT (A) — MAX. ON-STATE VOLTAGE (V) Ih — HOLDING CURRENT (mA) 


GAIOO GAlOl GA102 


7. Holding Current 


8. Max. Holding Current vs. Neutron Dosage 




10»o 1011 1012 1013 lOU 1015 1016 

NVT 


9. Max. On-State Voltage vs. Neutron Dosage 



IQIO 1011 1012 1013 1014 1015 1016 

NVT 


10. Peak Current vs. Ambient Temperature 

P^ — POWER DISSIPATION (W) 



_ max. ambient TEMPERATURE (°C) 


11. Peak Current vs. Case Temperature 

P^ — POWER DISSIPATION (W) 



90 100 110 120 130 140 150 


^ax — max. case TEMPERATURE (“C) 


12. Surge Current vs. Time 



\ 

\ 

S, \ 


If BE 

-ORE 

— 

SURG 

£ 0 




\ 








\ 

\ 









\ 

s. 




SOLID LINE: RATED 
BLOCKING VOLTAGE 


S 

\ _ 



MAY BE APPLIED AFTER \ 
SURGE 




1111 

DASH LINE: BLOCKING VOL 
MAY NOT BE SUSTAINED 

> 

CD 


100°C 

1 

FOR 

0.1 SE 

CONE 

S AFl 

ER SI 

JRGE 

T^ =''feoX 










10-5 10-4 10-3 10-2 10-1 1 10 102 103 


SURGE DURATION (s) 
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SCRs 

Nanosecond Switching, Planar 


GA200 GB200 

GA200A GB200A 
GA201 GB201 

GA201A GB201A 


FEATURES 

• Rise Time: 10ns 

• Delay Time: 10ns 

• Recovery Time: 0.5 fis 

• Pulse Current: to lOOA 

• Turn-on with 20ns, 10 mA Gate Pulse 


DESCRIPTION 

The Unitrode Nanosecond Thyristor Switch combines the turn-on speed of logic 
level transistors with the high current switching capability Inherent in SCRs. With 
this device engineers can now design circuits capable of switching pulse currents of 
lA in less than 10ns or up to 30A in less than 20ns. 

The GA/GB200 series is specifically designed for use as switching elements In high 
speed, low-to-medlum power radar pulse modulators. Other applications Include 
switching elements for phased array radars, laser pulse drivers, harmonic wave-form 
generators, line drivers and high current replacements for avalanche transistors. 

For applications requiring higher voltage levels, Unitrode has developed several 
“series string” circuits which allow the series connection of virtually an unlimited 
number of devices for voltages as high as 2000V with no significant decrease in 
speed. These circuits are described In Unitrode's Design Note #14. 


ABSOLUTE MAXIMUM RATINGS 

GA200 GA201 GB200 GB201 

GA200A GA201A GB200A GB201A 

Repetitive Peak Off-State Voltage, V^r^ 60V lOOV 60V lOOV 

Repetitive Peak On-State Current, 1^^^^ up to lOOA up to lOOA 

D.C. On-State Current, l^- 

70°C Ambient 200mA — 

70°C Case 400mA 6A 

Peak Gate Current, 250mA 250mA 

Average Gate Current, 25mA 50mA 

Reverse Gate Current, I^r 3mA 3mA 

Reverse Gate Voltage, Vg^ 5V 5V 

Storage Temperature Range — 65°C to -f 200°C 

Operating Temperature Range — 65°C to +150°C 


MECHANICAL SPECIFICATIONS 




GB200 GB200A GB201 GB201A 




INCHES 

MILLIMETERS 

A 

.400- 455 

1016-11.56 

B 

.090-.150 

2 28-3 81 

C 

320-468 

8.13-11.88 

D 

570- 763 

14.48-19.38 

E 

,318-380 

8 07-9 65 

F 

rtCC A .010 

* .015 


G 

424- 437 

10 77-11.10 

"Hi 

185-215 

4.70-5 46 
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ELECTRICAL SPECIFICATIONS (at 25°C unless noted) 


GA200 GA200A GA201 GA201A 
GB200 GB200A GB201 GB201A 


Test 

Symbol 

Min. 

Typ. 

Max. 

Units 

Test Conditions 

Delay Time 

td 

— 

20 

10 

30 

ns 

ns 

le, = 20mA, It = 1A 
ler=30mA, It = 1A 

Rise Time GA200, 200A, GB200, 200A 

t^ 

— 

15 

25 

25 

ns 

ns 

Vd = 60V, = 

Vd = 60V, 1^ = 30A (1) 

Rise Time GA201, 201A. GB201, 201A 


— 

10 

20 

20 

ns 

ns 

Vd = 100V, \jZ=:l/K (1) 

Vd = lOOV, 1^ = 30A (1) 

Gate Trigger on Pulse Width 

Vg'.on) 

- 

.02 

.05 

MS 

\q zz 10mA, ly = lA 

Circuit Commutated Turn-off Time 
GA200,*201, GB200, 201 


— 

0.8 

2.0 

MS 

ly = lA, Ip^ = lA, Rgk = 1K 

GA200A, 201A, GB200A, 201A 


— 

0.3 

0.5 

MS 

Off-State Current 

'drm 

- 

.01 

0.1 

aA 

VpRM = Rating’ Rsk = IK 

— 

20 

100 

/^A 

Vdbm^ Rating, ReK = lK, 

150”C 

Reverse Current 

Irrm 

— 

1.0 

10 

mA 

Vrrm = 30V, ReK = lK(2) 

Reverse Gate Current 

Ur 

- 

.01 

0.1 

mA 

Vgrm = 5V 

Gate Trigger Current 

1st 

- 

10 

200 

/‘A 

Vd = 5V, Res = lOK 

Gate Trigger Voltage 

Vet 

0.4 

.06 

0.75 

V 

Vd = 5V, Res = 10012, T = 25°C 

0.10 

0.2 

- 

V 

T - +150“C 

On-State Voltage 

Vt 

- 

1.1 

1.5 

V 

'll 

i\j 

> 

Holding Current 

'h 

0.3 

2.0 

5.0 

mA 

VD=:5V,ReK = lK,Tr=:25°C 

0.05 

0.2 

— 

mA 

Tzr +150°C 

Off-State Voltage-Critical Rate of Rise 

dv/dt 

20 

40 

- 

V/ms 

Vd == 30V, ReK = IK 


Notes: 1. Ig = 10mA; Pulse Test, Duty Cycle <1%. 

2. Pulse test intended to guarantee reverse anode voltage capability for pulse commutation. Device should not be operated in the 
Reverse blocking mode on a continuous basis. 


Switching Speed (Typical) 
GA/GB200 Series 



It — ANODE CURRENT (A) 


NOTES: 1. Vo = Rated 

2. T^ = 25°C 

3. lg=:20mA 

4. tj = 20ns TYPICALLY FOR ALL 
TYPES INDEPENDENT OF ANODE 
CURRENT 


Peak Current vs. Pulse Width 



tp — PULSE WIDTH (ms) 


NOTES: 1. DATA BASED ON ON-STATE 

VOLTAGE GRAPH AT T, = 150°C. 
BLOCKING VOLTAGE MAY BE 
APPLIED IMMEDIATELY AFTER 
TERMINATION OF CURRENT 
PULSE. 

2. T^ = 75^ 
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REPETITIVE PEAK ON-STATE CURRENT (A) 


GA200 GA200A GA201 GA201A 
GB200 GB200A GB201 GB201A 


Peak Current vs. Pulse Width 
GB200 Series 



tp — PULSE WIDTH (mS) 

NOTES: 1. DATA BASED ON ON-STATE 

VOLTAGE GRAPH AT T, = ISO'C. 
BLOCKING VOLTAGE MAY BE 
APPLIED IMMEDIATELY AFTER 
TERMINATION OF CURRENT 
PULSE. 

2. Tc = 75°C 


Peak Current vs. Pulse Width 
GB200 Series 



tp — PULSE WIDTH i/iS) 


NOTES: 1. DATA BASED ON ON-STATE 

VOLTAGE GRAPH AT T, =: ISOX. 
BLOCKING VOLTAGE MAY BE 
APPLIED IMMEDIATELY AFTER 
TERMINATION OF CURRENT 
PULSE. 

2. T^ = 75^ 


On-State Current vs. Voltage 
GA/GB200 Series 



.1 1 10 100 
V^^^ — ON-STATE VOLTAGE (V) 



1 10 100 
tp — PULSE WIDTH (ms) 


NOTES: 1. BLOCKING VOLTAGE MAY NOT BE 
APPLIED FOR .001 SEC. AFTER 
TERMINATION OF SURGE PULSE 
AS JUNCTION TEMPERATURE 
WILL EXCEED 150»C. 

2. Tc = 75°C 
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SCRs 

Commercial Nanosecond Switching 
Planar 


GA300 GB300 

GA300A GB300A 
GA301 GB301 

GA301A GB301A 


FEATURES 

• Rise Time: 10ns 

• Delay Time: 10ns 

• Recovery Time: 0.5^s 

• Pulse Current: to lOOA 

• Turn-on with 20ns, 10mA gate pulse 


ABSOLUTE MAXIMUM RATINGS 


Repetitive Peak Off-State Voltage, 
Repetitive Peak On-State Current, l^p,,^ 

Peak Gate Current, 1^,^ 

Average Gate Current, Ig(av) 

Reverse Gate Current, Ig^ 

Reverse Gate Voltage, V^,^ 

Storage Temperature Range 

Operating Temperature Range 


DESCRIPTION 

Unitrode’s Nanosecond Thyristor Switch combines the turn-on speed of logic level 
transistors with the high current switching capability inherent in SCRs. With this 
device, engineers can now design circuits capable of switching pulse currents of 
lA in less than 10ns or up to 30A in less than 20ns. 

The GA300, GB300 Series Is specifically designed for use as the switching element 
In high speed laser diode pulse drivers. Other applications Include electronic 
crowbars, harmonic wave-form generators, line drivers and general purpose replace- 
ments for avalanche transistors. For applications requiring higher voltage levels, 
Unitrode has developed several “series string” circuits which allow the series con- 
nection of an unlimited number of devices for voltages as high as 2000V with no 
significant decrease in speed. These circuits are described in Unitrode’s 
Design Note #14. 


GA300 GA301 GB300 GB301 

GA300A GA301A GB300A GB301A 

. 60V lOOV 60V lOOV 

up to lOOA up to lOOA . 

250mA 250mA 

25mA .. . 50mA 

3mA 3mA 

5V 5V 

-65°C to -f-150°C 

0°C to -f 125°C 


MECHANICAL SPECIFICATIONS 


GA300 GA300A GA301 GA301A 





INCHES 

MILLIMETERS 

A 

178-.195 DIA 

4 52-4 95 DIA 

~b1 

170-.210 

4 31-5 33 

c 

.5 MIN. 

12.70 MIN 

D 

.209- 230 DIA. 

5 31-5.84 DIA 

E 

017 + 002 DIA 
* 001 DIA 

432 ± 

* .025 


020 MAX 

508 MAX 

G 

100± 010 DIA. 

2 54±.254 DIA 

H 

041 ±005 

1 04± 127 

J 

028- 048 

.711-1 22 



GB300 GB300A GB301 GB301A 




INCHES 

MILLIMETERS 

A 

400- 455 

1016-1156 

B 

.090- 150 

2 28-3 81 

C 

320- 468 

813-1188 

D 

570- 763 

14.48-19 38 

E 

318-.380 

8 07-9 65 

F 

nRt; + 010 

055 ± 

1.40 t |« 

~ g ' 

424- 437 

10 77-11.10 

H 

185-215 

4.70-5 46 


NOTE; Anode connected to case. 
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GA300, GA300A, GA301, GA301A 
GB300, GB300A, GB301, GB301A 

ELECTRICAL SPECIFICATIONS (at 25°C unless noted) 


Test 

Symbol 

Min. 

Typical 

Max. 

Units 

Test Conditions 

Delay Time 

td 

- 

20 

10 

30 

ns 

Ig =: 20mA, It 1A 
\q = 30mA, It = lA 

Rise Time (Note 1) 

GA300, 300A, GB300, 300A 

t^ 

- 

15 

25 

25 

ns 

Vd = 60V,I, = 1A 

Vo = 60V, 1, = 30A 

Rise Time (Note 1) 

GA301, 301A, GB301, 301A 

t^ 

- 

10 

20 

20 

ns 

Vo = lOOV, 1, = lA 

Vo = lOOV, 1, = 30A " 

Circuit Commutated Turn-off Time 

GA300, 301, GB300, 301 


- 

0.8 

2.0 

as 

It = lA, \, = lA, RgK = IK 

GA300A, 301A, GB300A, 301A 

0.3 

0.5 

AS 

It = lA, \, = lA, R^k = IK 

Gate Trigger-on Pulse Width 

^pg (on) 

- 

0.02 

0.05 

AS 

le = 10mA, It = lA 

Off-state Current 

'drm 

— 

0.01 

20 

0.1 

100 

aA 

Vdrm = Rating, R^^^ = IK, T =z 25°C 
^DRM — Rating, R 0 k; = IK, T = 125°C 

Reverse Current (Note 2) 

Irrm 

— 

1.0 

10 

mA 

V„„^, = 30V, Rsk = IK (Note 2) 

Gate Trigger Voltage 

Vgt 

0.4 

0.10 

0.6 

0.2 

0.75 

V 

V 

Vd = 5V, Rgs = 100J2, T = 25°C 

Vd = 5V, Res = 10012, T = 125°C 

Gate Trigger Current 

*GT 

— 

10 

200 

^A 

Vd = 5V, Res = lOK 

On-state Voltage 

Vt 

— 

1.1 

1.5 

V 

It = 2A 

Off-state Voltage — Critical Rate of Rise 

dv/dt 

15 

30 

— 

V/ms 

Vd = 30V, ReK = IK 

Reverse Gate Current 

^GR 

— 

0.01 

0.1 

mA 

VsR = 5V 

Holding Current 

Ih 

0.3 

0.05 

2.0 

0.4 

5.0 

mA 

mA 

Vd = 5V, ReK = IK, T = 25°C 

Vd = 5V, ReK = IK, T = 125°C 


Notes ; 1. Ig = 10mA; Pulse Test, Duty Cycle < 1%. 

2. Pulse test intended to guarantee reverse anode voltage capability for pulse commutation. Device should not be operated in the re- 
verse blocking mode on a continuous basis. 


Switching Speed vs. Current 
GA/GB300 Series 



It — ANODE CURRENT (A) 


Peak Current vs. Pulse Width 
GA300 Series 


I I 

Notes: 1. Data based on On-State Voltage 
graph at T, = 125“C. 

Blocking Voltage may be applied 
immediately after current pulse 
termination. 

2. T^ =: 75°C. 


^Duty Cycle = 

.0001% or less 

.U3% / 

.1%-^ 



.5%-^ 


- — — 

5 %-^ 



10%-i. 







.1 1 10 100 
Tp — PULSE WIDTH (/xs) 
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ON-STATE CURRENT (A) 1^^^^ _ REPETITIVE PEAK ON-STATE CURRENT (A) 


Peak Current vs. Pulse Width 
GB300 Series 



.1 1 10 100 


Tp — PULSE WIDTH (//S) 


On-State Voltage vs. Current 
GA/GB300 Series 



— ON-STATE VOLTAGE (V) 
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REPETITIVE PEAK ON-STATE CURRENT (A) 


GA300, GA300A, GA301, GA301A 
GB300, GB300A, GB301, GB301A 


Peak Current vs. Pulse Width 
GB300 Series 

1000 1 1 

Notes: 1. Based on On-State Voltage 
graph at T, = 125“C. 

Blocking Voltage may be applied 
immediately after current pulse 
termination. I 



.1 1 10 100 
Tp — PULSE WIDTH (fiS) 
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SCRs 

.5 Amp, Planar 


ID100-ID106 


FEATURES 

• Voltage Ratings: to 400V 

• Maximum Gate Trigger Current: 200/iA 

• Hermetically Sealed TO-18 Metal Can 

• Planar Passivated Construction 


DESCRIPTION 

This Data Sheet describes Unitrode's line of hermetically sealed industrial SCRs 
designed for low-voltage, low-current sensing application. The IDIOO Series is 
packaged in a TO-18 metal case with Unitrode’s unique oxide passivated 
junctions, offering the highest degree of reliability and parameter stability for 
any device in Its price range. 

Typical applications include lamp driving, relay driving, sensor, pulse-generating 
and timing circuits. 


ABSOLUTE MAXIMUM RATINGS 


IDIOO 


IO101 ID102 


ID103 ID104 ID105 


ID106 


Repetitive Peak Off-State Voltage, V^^^^ 30V. 

Repetitive Peak Reverse Voltage, V^^^ 30V. 

On-State Current, \j 

75°C Ambient 

100® C Case 

Repetitive Peak On-State Current, Ij^,^ 

Peak One Cycle Surge (Non-Rep.) On-State Current, Ijsm 

Peak Gate Current, 1^^ 

Average Gate Current, 

Reverse Gate Voltage, V^^ 

Storage Temperature Range 

Operating Temperature Range 


60V lOOV 150V 200V 300V 400V 

60V lOOV 150V 200V 300V. .. 400V 

250mA 

0.5A 

6A 

up to 30A 

250mA 

25mA 

6V 

-65®C to -fl50®C 

. . . -65°C to -f 125°C 


MECHANICAL SPECIFICATIONS 


ID100-ID106 


90’ ± 
CATHODE 




INCHES 

MILLIMETERS 

A 

.178-.195 DIA. 

4.52-4.95 DIA 

B 

170-210 

4 31-5.33 

C 

5 MIN 

12 70 MIN. 

D 

209- 230 DIA. 

5 31-5.84 DIA. 

E 

017 + 002 DIA. 

* 001 DIA 

AT? ± 051 

.432 ± q25 

T 

.020 MAX. 

508 MAX 

G 

lOOt.OlO DIA. 

2 54±.254 DIA 

H 

.041 ±005 

1.04±.127 

J 

.028-.048 

711-1.22 
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IDlOO-IDlOe 


ELECTRICAL SPECIFICATIONS (at 25°C unless noted) 


Test 

Symbol 

Min. 

Typical 

Max. 

Units 

Test Conditions 



— 

5.0 

50 

n/K 

Vdrm = Rating, Rsk = IK, T = 125°C, ID100-ID104 

Uuntilll 

'drm 

— 

10.0 

100 

/xA 

Vdr^ = Rating, Rg^ = IK, T = 125°C, ID105-ID106 



— 

10 

50 

aA 

Vrp^„ = Rating, R^k == IK, T = 125°C, ID100-ID104 

Reversing Current 

'rrm 

— 

15 

100 

/xA 

Vrrm = Rating, R^^ = IK, T = 125°C, ID105-ID106 




5.0 

200 

fi/K 

Vn - 5V, Rrc - lOK 

Gate Trigger Current 


— 


500 

/xA 

Vd = 5V, R^s = lOK, T = ~40°C 



0.4 

0.55 

0.8 

V 

Vp = 5V, Rgs = lOOn 

Gate Trigger Voltage 

Vgt 

— 

_ 

1.0 

V 

Vp = 5V, Rgs = lOOn, T = -40°C 



0.10 

— 

— 

V 

Vp n: 5V, Res = lOOn, T = 125°C 

Peak On-State Voltage 

^TM 

— 

— 

1.7 

V 

\j^ = 1 Amp Pulse 





1.0 

5.0 

mA 

Rri. = IK 

Holding Current 

Ih 

— 


10.0 

mA 

'GK — ' 

= IK, T = -40°C 

Turn-on Time 

ton 

— 

0.5 

— 

/xS 

le = 10mA, \j = lA, V^ = 30V 

Circuit Commutated Turn-off Time 


_ 

8.0 

15.0 j 

— 

/xS 

/xS 

\j = \f^ = lA, RgK = IK, ID100-ID104 
= lA, RgK = IK, ID105-ID106 


Note; Blocking voltage ratings apply over the full operating temperature range, provided the gate is connected to the cathode through a 
resistor, 1000 ohms or smaller, or other adequate bias is used. 


Gate Trigger Current vs. Junction Temp. 


Gate Trigger Voltage vs. Junction Temp. 



—65 —25 0 25 50 75 100 125 150 

Tj — JUNCTION TEMPERATURE (‘’C) 



Holding Current vs. Junction Temp. 



—65 —25 0 25 50 75 100 125 150 

T, — JUNCTION TEMPERATURE (°C) 


dv/dt vs. Junction Temp. 



—65 —25 0 25 50 75 100 125 150 

Tj — JUNCTION TEMPERATURE (°C) 
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SCRs 

1.6 Amp, Planar 


1D200-ID203 

ID300-ID301 


FEATURES 

• Voltage Rating: to 200V 

• Max. Gate Trigger Current: 200|uA 

• Hermetically Sealed Metal Can 

• Planar Passivated Construction 


DESCRIPTION 

This Data Sheet describes Unitrode’s line of hermetically sealed industrial SCRs 
designed for high-voltage, medium-current control applications. The Series is 
packaged in a TO-39 metal case with Unitrode’s unique oxide passivated junctions 
to ensure reliability and parameter stability. 

Typical applications include relay equipment, motor controls, process controllers 
and pulse generators. 


ABSOLUTE MAXIMUM RATINGS 

ID200 

10201 

ID202 

ID203 

ID300 

10301 

Repetitive Peak Off-State Voltage, Vp^^ 

. 50V . 

lOOV 

150V .... 

. .. . 200V 

300V 

400V 

Repetitive Peak Reverse Voltage, V[^|;,|^ 

50V .. 

.... lOOV 

. .. 150V . ... 

.... 200V 

300V 

400V 

Non-Repetitive Peak Reverse Voltage, V^s,^ (<5ms) . 
On-State Current, It(rms) 

75V 

. 150V 

225V 

300V 

400V 

500V 


76°C Case .. 1.6A ... 


75°C Ambient 


450mA 


Peak One Cycle Surge (Non-Repetitive) On-State Current, 1 ^ 3 ,^ 

Repetitive Peak On-State Current, Ij^,^ 

Rate of Rise of On^State Current, di/dt 

\h (for times > 1.5 ms) 

Peak Gate Current, Ig,^ 

Average Gate Current, 

Reverse Gate Voltage, Vg^ 

Storage Temperature Range 

Operating Temperature Range 


. 15A 

up to 30A 

100A//XS ... 

0.83A's... . 

. . 250mA 

25mA 

6V 

-65°C to +150°C 
. -40°C to -f 110°C 


MECHANICAL SPECIFICATIONS 
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UNITRODE 




ID200-ID203, ID300-ID301 


ELECTRICAL SPECIFICATIONS (at 25°C unless noted) 


Test 

Symbol 

Min. 

Typ. 

Max. 

Units 

Test Conditions 

Off-State Current 

^DRM 

- 

5 

10 

100 

/zA 

mA 

^DRM — Rating, R0|^ = IK, T = 25°C 
^DRM — Rating, R^i^ = IK, T =: 110°C 

Reverse Current 

^RRM 

— 

10 

10 

100 

> > 

^RRM — Rsting, Rqi^ rz IK, T zz 25°C 
^RRM ~ Rating, Rqi^ zz IK, T zz 110°C 

Gate Trigger Current 






200 

fxA 

Vp = 5V, Res zz lOK, T = 25°C 

Vd = 5V, Res = lOK, T = -40°C 

Igt 


_ 

500 

aA 



0.4 

0.52 

0.8 

V 

Vp zz 5V, Res = lOOn, T = 25°C 

On-State Voltage 

Vgt 

0.5 

0.7 

1.0 

V 

Vd zz 5V, Res = lOOn, T = -40°C 


0.2 

— 

— 

V 

Vd zz 5V, Res = lOOn, T = 110°C 

Peak On — Voltage 

^TM 

— 

— 

2.2 

V 

\j = A Amp Pulse, T zz 25°C 



0.3 

0.7 

3.0 

mA 

ReK = lK,Tzz25°C 

Holding Current 


0.4 

— 

6.0 

mA 

ReK = IK, T = -40°C 



0.2 

— 

— 

mA 

ReK = lK,T=z 110°C 

Off-State Voltage — 

Critical Rate of Rise 

dv/dt 

— 

20 

— 

VlfiS 

Vdrm = Rated, ReK = IK, T zz 110°C 

Turn-on Time 


_ 

1.0 

— 

(XS 

le = 10mA, It = Ia, V^ = 30V, T zz 25°C 

Circuit Commutated 

Turn-off Time 

‘c 

- 


40 

(XS 

ItzzIrzzIA, ReK = lK,T = 25°C 


Note: Blocking voltage ratings apply over the full operating temperature range, provided the gate is connected to the cathode through a re- 
sistor, 1000 ohms or smaller, or other adequate bias is used. 
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PUTS 

Planar, TO-18 Hermetic 


U13T1-U13T2 


FEATURES 

• Voltage Ratings: to lOOV 

• Maximum Peak Current: 150nA 

• Valley Current: as low as 25 (xk 

• Low Forward Voltage Drop 

• Nano-Amp Leakage 

• Hermetically Sealed TO-18 Metal Can 


DESCRIPTION 

The Unitrode hermetically sealed TO-18 metal can series of programmable unijunction 
transistors feature blocking voltages to lOOV, the highest available to designers. These 
PUTS are functionally equivalent to standard unijunction transistors, with the added 
advantages of programming versatility. External resistors can be added to program 
Rbb» *p 2 nd 1^, depending upon your design requirements. All units are fully planar 
passivated. This series features a hermetically sealed TO-18 package for optimum 
reliability in all environmental conditions. Applications include pulse and timing 
circuits, SCR trigger circuits, relaxation oscillators, and sensing circuits. For further 
application Information see Unitrode’s Application Note U-66. 


ABSOLUTE MAXIMUM RATINGS 


Anode-to-Cathode Forward Voltage, V^^ 

Anode-to-Cathode Reverse Voltage, V^^r 

Gate-to-Cathode Forward Voltage, Vq,< 40V 

Gate-to-Anode Reverse Voltage, V^^r 40V 

Gate-to-Cathode Reverse Voltage, V^^r 5V 

Peak Recurrent Forward Current 

10 /xs 1% Duty Cycle . .. 8A 

100 ,us 1% Duty Cycle 5A 

Power Dissipation 

25° C Ambient 400mW 

Derating Factor 3.2mW/°C 

Storage Temperature Range — 55°C to -f 150°C 

Operating Temperature Range — 55°C to +150°C 


MECHANICAL SPECIFICATIONS 



^ B — 

- 

~1 

A 

i 


=; 

4 

^ F 


90= :i; 5 

CATHODE 



GATE CONNECTED TO CASE 


U13T1U13T2 



INCHES 

MILLIMETERS 

A 

178-195 DIA. 

4.52-4.95 DIA. 

B 

170-.210 

4.31-5.33 

C 

.5 MIN. 

12.70 MIN. 

D 

.209-.230 DIA, 

5.31-5.84 DIA. 

E 

017 ± DIA. 

*.001 DIA 

± -051 
* .025 

T" 

.020 MAX 

.508 MAX 

G 

100±.010 DIA. 

2.54±.254 DIA 

H 

.041 ±005 

1.04± 127 

J 

028- 048 

.711-1.22 
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UNITRODE 





U13T1-U13T2 


ELECTRICAL SPECIFICATIONS (at 25°C unless noted) 





U13T1 

U13T2 



Test 

Symbol 

Fig. 

Min. 

Max. 

Min. 

Max. 

Units 

Test Conditions 

Peak Current 

Ip 

1 

— 

5 

— 

1.0 

fiA 

Re = 10 k, V 3 = lOV 




— 

2 

— 

0.15 

luA 

Re = 1 Meg. 

Valley Current 

Iv 

1 

70 

— 

25 

— 

nA 

Re = lOk, V 3 lOV 




— 

50 

— 

25 

fiA 

Re = 1 Meg. 

Offset Voltage 

Vy 

1 

0.2 

0.6 

0.2 

0.6 

V 

Re = lOk, V3 = lOV 




0.2 

1.6 

0.2 

0.6 

V 

Re = 1 Meg. 

Gate-to-Anode Leakage 

IsAO 

2 

— 

10 

_ 

10 

nA 

T = 25 *C, V3 = rating 




— 

100 

— 

100 

nA 

T = 75 °C 

Gate-to-Cathode Leakage 

Uks 

3 


100 

- 

100 

nA 

V3 = rating 

Forward Voltage 

Vf 

4 

— 

1.5 

— 

1.5 

V 

Ip = 50 mA 

Pulse Output Voltage 

Vo 

5 

6 

— 

6 

- 

V 


Pulse Output Rate of Rise 

tr 

5 

i 

80 

— 

80 

nS 




a) Typical Circuit 



b) Equivalent Test Circuit 


c) Characteristic Curve 


Figure 1 



Figure 2 Figure 3 Figure 4 


+ 20 V 




Figure 5 
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11-1 





11-2 



SWITCHING AND GENERAL 
PURPOSE DIODES 


PRODUCT SELECTION GUIDE 




SWITCHING 


Type 

Reverse 

Voftage 

(V) 

Average 

Forward 

Current 

(mA) 

Forward 

Voltage 

(V) 

Reverse 

Recovery 

Time 

(ns) 

Junction 

Capacitance 

(PF) 

1N4453 

30 

200 

.51-.63 @ 0.1mA 


30 

1N4154 

35 

150 

1.0 @ 30mA 

2 

4 

1N25P 

40 

75 

1.0 @ 5mA 

150 


1N4152 

40 

150 

.49-.52 @ 0.1mA 

2 

2 

1N4450 

40 

200 

.42-.54 @ 0.1mA 

4 

4 

1N4451 

40 

200 

.4-. 5 @ 0.1mA 

10 

6 

iN4452 

40 

200 

.42-.54 (g) 0.1mA 

50 

30 

, 1N4444 

70 

200 

.44-. 55 (5) 0.1mA 

7 

2 

1N3064’'’*' 

75 

75 

1.0 @ 10mA 

4 

2 

1N4S32’^^’^ 

75 

125 

1.0 @ 10mA 

4 

2 

1N4534^**^^^ 

75 

150 

.74-.88 @ 20mA 

4 

2 

1N41S1 

75 

150 

1.0 @ 50mA 

2 

2 


75 

150 

.49-. 55 @ 0.1mA 

2 

2 

1N4305 

75 

150 

.5-.575 @ .25mA 

2 

2 

1H4446 

75 

150 

1.0 @ 20mA 

4 

4 

1N4447 

75 

150 

1.0 @ 20mA 

4 

2 

lN444a 

75 

150 

1.0 @ 100mA 

4 

4 

lfS|4449 

75 

150 

1.0 @ 30mA 

4 

2 

1N36D0^^^ ^ 

75 

200 

.54-.62 @ 1mA 

4 

2.5 

1N4149 / 

75 

200 

1.0 @ 10mA 

4 

2 

1N4150^^’^ 

75 

200 

.54-.62 @ 1mA 

4 

2.5 

1H4454^’^^ ■ 

75 

200 

1.0 @ 10mA 

2 

2 

1N4300^’"^ ^ 

80 

300 

.64-.72 @ 10mA 

6 

4 

1N4607 

85 

400 

1.1 @ 400mA 

10 

4 

mB 62 ^ 

100 

40 

1.0 @ 10mA 

500 

3 

imss^ ^ 

100 

40 

1.0 @ 100mA 

500 

3 

. 4N914‘^’' 

100 

75 

1.0 @ 10mA 

5 

4 

1N4531^'^- 

100 

125 

1.0 @ 10mA 

5 

4 

IN4148^-^ 

100 

200 

1.0 @ 10mA 

4 

4 

1N3070'‘'‘ : 

200 

100 

1.0 @ 100mA 

50 

5 

1N4938’'^ 

200 

150 

1.0 @ 10mA 

50 

5 


GENERAL PURPOSE 


; Type 

Reverse 

Voltage 

(V) 

Average 
Forward ; 
Current 

(mA) 

Forward 

Voltage 

(V) 

Reverse 

Recovery 

Time 

(ns) 

Junction 

Capacitance 

- ..(pF) '■ 

iN456 

30 

90 

1.0 @ 40mA 



1N457* 

70 

75 

1.0 @ 20mA 



1N4838’^^ 

80 

200 

1.0 (5) 100mA 



1N458'' 

150 

55 

1.0 @ 7mA 



iN3596’^*'‘" 

150 

150 

.83-1.0 @ 200mA 

3/js 

2.5 

lN459r 

200 

40 

1.0 @ 3mA 



1N643'" 

200 

40 

1.0 @ 10mA 

300 

3 

1N485B’^* 

200 

200 

1.0 (5) 100mA 




270 

400 

1.0 @ 400mA 


20 

1N647’®^^ 

480 

400 

1.0 @ 400mA 


20 


* Available as JAN. 

** Available as JAN, JANTX. 

*** Available as JAN, JANTX, JANTXV. 
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COMPUTER DIODE 

General Purpose 


JAN 1N251 


FEATURES 

• Metallurgical Bond 

• Qualified to MIL-S-19500/188 

• Planar Passivated Chip 

• DO-7 Package 

• Non-JAN Available 


DESCRIPTION 

This device is particularly suited to 
applications where medium speed 
switching is required. Moisture free 
stability is ensured through hermetic 
sealing. 


ABSOLUTE MAXIMUM RATINGS, AT 25°C 

Peak Reverse Voltage 40V 

Reverse Working Voltage 30V 

Average Rectified Current 75mAdc 

Surge Current, 1ms @ 125°C Free Air Temperature 125mA 

Continuous Power Dissipation 150mW 

Operating Temperature Range -55°C to +150°C 

Storage Temperature Range -55°C to +150°C 


MECHANICAL SPECIFICATIONS 





JAN 1N251 


ELECTRICAL SPECIFICATIONS (at 25°C unless noted) 


Reverse 

Current 

Reverse 

Current 

Reverse 

Current 
@ 125°C 

Forward 

Voltage 

Reverse Recovery 

Time 


o 

> 

10//A 

IV 

150ns 

@ 

@ 

@ 

@ 

@ 

If = 5mA, Vr = lOV 

Vr = 20V 

> 

o 

II 

oc 

> 

lOV 

If = 5mA 

Rl = IKO, Cl = lOpf, 





Irec = 0.5mA 


Average Rectified Current vs. 



0 20 40 60 80 100 120 140 160 

t 

25 

Ta-ambient temperature (°C) 
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DIODE 

Low Current 


1N456 
JAN 1N457 
JAN 1N458 
JAN 1N459 


FEATURES 

• Metallurgical Bond 

• Qualified to MIL-S-19500/193 

• Planar Passivated Chip 

• DO-7 Package 

• Non-JAN Available 


DESCRIPTION 

General purpose low current diode with 
high reliability characteristics 


ABSOLUTE MAXIMUM RATINGS, AT 25®C 


Reverse Working Voltage 

Peak Reverse Voltage 

Average Output Current 

Surge Current, 8.3mS 

Operating Temperature Range 
Storage Temperature Range .. 



JAN 

JAN 

JAN 

1N456 

1N457 

1N458 

1N459 

...25V.... 

60V . . . . 

125V.... 

175V 

...30V.... 

70V.... 

150V.... 

200V 

.90mA . . . 

75mA . . . 

55mA 

40mA 

700mA . . . 

. . . . 225mA . . . 

. . . .165mA . . . . 

...120mA 


-65°Cto -i-150“C 
-65“Cto -i-200‘’C 


MECHANICAL SPECIFICATIONS 


1N456 

JAN 1N457,1N458,1N459 


A 




INCHES 

MILLIMETERS 

A 

.085 - .130 

2.16 - 3.30 

B 

.230 - .300 

5.84 - 7.62 

C 

1.0- 1.5 

25.40 - 38.10 

D 

.018 - .022 

46 - 56 



12/79 
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1N456 

JAN 1N457, 1N458, 1N459 


ELECTRICAL SPECIFICATIONS (at 25°C unless noted) 


Type 

Forward 

Voltage 

Reverse 

Current 

Reverse 

Current 
@Ta = 150°C 

Peak 

Reverse 

Voltage 

@100p(A 

1N456 

1.0V @ 40mA 

25nA @ 25V 

5^AA @ 25V 

30V 

1N457, J 

1.0V @ 20mA 

25nA @ 60V 

5fjA @ 60V 

70V 

1N458, J 

1.0V @ 7mA 

25nA @ 125V 

5iuA @ 125V 

150 V 

1N459, J 

1.0V @ 3mA 

25nA @ 175V 

5^ @ 175V 

200V 


Typical Forward Voltage vs. Forward Current 



.1 .2 .3 .4 .5 ,6 .7 .8 9 1.0 1.11.2 1.3 14 1.5 


Vp _ FORWARD VOLTAGE (V) 


Typical Reverse Voltage vs. Reverse Current 



280 260 240 220 200 180 160 140 120 100 80 60 40 20 0 


Vp - REVERSE VOLTAGE (V) 
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DIODE 

General Purpose 
Low Current 


JAN &JANTX 1N483B 
JAN & JANTX 1N485B 


FEATURES 

• Metallurgical Bond 

• Qualified to MIL-S-19500/118 

• Planar Passivated Chip 

• DO-7 Package 

• Non-JAN Available 


DESCRIPTION 

This Series is useful in low current rectify- 
ing applications for military, industrial and 
commercial equipment. 


ABSOLUTE MAXIMUM RATINGS, AT 25°C 


1N483B 1N485B 

Reverse Breakdown Voltage 80V 200V 

Peak Working Voltage 70V 180V 

Average Output Current @T^ = 25®C 200mA 

Ta = 150°C 50mA 

Current Derating 1.2 mAdc/°C from 25°C to 150°C and 1.0 mAdc/°C from 
m°C to 200‘’C 

Surge Current, 8.3mSec 2 Amps 

Operating Temperature Range — 65°C to +200°C 

Storage Temperature Range — 65®C to -f 200®C 


MECHANICAL SPECIFICATIONS 



12/79 11-8 mmm UNITRODE 




JAN & JANTX 1N483B & 1N485B 


ELECTRICAL SPECIFICATIONS (at 25°C unless noted) 



Reverse 

Reverse 

Reverse 

Forward Voltage 


Current 

Current 

Current 

@ lOOmAdc, 8.5msec 

Type 

@ 25“C 

@ 25^ 

@ 150X 

dc = 2% MAX. 

1N483B 

25nA @ 70Vdc 

100 /zA(pk) @ 80V(pk) 

5.0 fifK @ 70Vdc 

l.OV(pk) 

1N485B 

25nA @ 180Vdc 

100 /zA(pk) @ 200V(pk) 

5.0 /zA @ 180Vdc 




.1 .2 .3 .4 .5 .6 .7 .8 .9 1.0 1.1 1.2 1.3 1.4 1.5 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 

Vp _ FORWARD VOLTAGE (V) — REVERSE VOLTAGE (V) 

(°'o OF PIV) 


Production 

Process 

1. Raw Material 

2. Factory 

Processing 


Inspection Lot 
Formed at 
Final 
Assembly 
Operation 


*100 Percent Process 
Conditioning 

1. High-Temp Storage 

2. Temp Cycling 

3. Hermetic Seal Tests 


Inspection Tests 
to 

Verify LTPD 
Group A 

Group B 


*100 Percent Burn-In 

1. Measurement of 
Specified Parameters 

2. Burn-In 

3. Measurement of 
Specified Parameters 
to Determine Delta 




*Order of the tests in the blocks shall be performed as shown. 
Order of procedure diagrams for TX types only. 
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COMPUTER DIODE 

Switching 


JAN 1N643 
JAN 1N662 
JAN 1N663 


FEATURES 

• Metallurgical Bond 

• Qualified to MIL-S-19500/256 

• Planar Passivated Chip 

• DO-7 Package 


DESCRIPTION 

This device is particularly suited to 
applications where medium speed 
switching is required. Moisture free 
stability is ensured through hermetic 
sealing. 


ABSOLUTE MAXIMUM RATINGS, AT 25°C 

Peak Reverse Voltage 

Reverse Working Voltage 

Average Rectified Current 

Surge Current, 8.3ms 

Operating Temperature Range 

Storage Temperature Range 


1N643 1N662 1N663 

. . 200V lOOV lOOV. . 

. . 175V 80V 80V . . 

40mAdc 40mAdc 60mAdc 

500mA 

-65°C to+150°C 

-65°C to+175°C 


MECHANICAL SPECIFICATIONS 





JAN 1N643, 1N662, 1N663 


ELECTRICAL SPECIFICATIONS (at 25°C unless noted) 


Type 

Maximum 

Reverse 

Current 
@ 25°C 

Maximum 

Reverse 

Current 
@ 25°C 

Maximum 

Peak Reverse 
Current 
@ 25°C 

Maximum 

Reverse 

Current 
@ 100°C 

Maximum 

Reverse 

Current 
@ -65“C 


25nAdc 

l/jA6c 

100/iApK 

ISyuAdc 

1//Adc 

1N643 

@ 

@ 

@ 

@ 

@ 



Vr = lOVdc 

Vr = lOOVdc 

Vr = 200Vpk 

Vr = lOOVdc 

Vr = lOOVdc 


25nAdc 

5/L<Adc 

CL 

< 

o 

lOO/vAdc 

5^/Adc 

1N662 

@ 

@ 

@ 

@ 

@ 


Vr = lOVdc 

Vr = 50Vdc 

Vr = lOOVpK 

Vr = 50Vdc 

Vr = 50Vdc 


25nAdc 

5/iAdc 

100/iApK 

50/uAdc 

S^iAdc 

1N663 

@ 1 

@ 


@ 

@ 


Vr = lOVdc 1 

Vr = 75Vdc 

Vr = lOOVpK 

Vr = 75Vdc 

Vr = 75Vdc 


ELECTRICAL SPECIFICATIONS (at 25°C unless noted) 



Maximum 

Maximum 


Maximum 

Type 

Forward 

Voltage 

Forward 

Voltage 

Capacitance 

Reverse 

Recovery 


@ 25°C 

@ -65°C 


Time 





300ns 


l.OVdc 

1.2Vdc 

3pF 

@ 

1N643 

@ 

@ 

@ 

If = 5mA 


If = lOmAdc 

If = lOmAdc 

> 

LO 

II 

cc 

> 

Ir = 17.5mA 

Irec = 0.2nA 





500 ns 


l.OVdc 

1.2Vdc 

3pF 

@ 

1N662 

@ 

@ 

@ 

If = 5mA 


If = lOmAdc 

If = lOmAdc 

Vr = 80V 

Ir = 17.5mA 

Irec ~ 0.4nA 





500ns 


l.OVdc 

1.2Vdc 

3pF 

@ 

1N662 

@ 

@ 

@ 

If = 5mA 


If = lOOmAdc 

If = lOOmAdc 

Vr = 80V 

Ir = 17.5mA 

Irec ~ 0.4nA 


Average Rectified Current vs. 
Ambient Temperature 
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RECTIFIERS 

High Voltage, Low Current 


JAN, JANTX 1N645, 1N647 
JAN, JANTX & JANTXV 1N645-1, 1N647-1 


FEATURES 

• Metallurgical Bond 

• Qualified to MIL-S-19500/240 

• Planar Passivated Chip 

• DO-35 or DO-7 Package 

• Non-JAN Available 


DESCRIPTION 

These devices are useful in general 
purpose low current applications in high 
reliability and military equipment. 


ABSOLUTE MAXIMUM RATINGS, AT 25°C 

Reverse Breakdown Voltage 

Peak Working Voltage 

Average Output Current, 25°C* 

150°C 

Surge Current, 8.3ms 

Operating Temperature Range 

Storage Temperature Range 

^Derate 2.0mAdc/°C between 25°C and 150°C. 


1N645 1N647 

1N645-1 1N647-1 

270V 480V . 

225V 400V . 

400mA 

150mA 

5A 

... -65'’Cto+150°C .... 
. . . -65°C to +200“C .... 


MECHANICAL SPECIFICATIONS 






ELECTRICAL SPECIFICATIONS (at 25°C unless noted) 


J, JTX 1N645, 1N647 
J, JTX, & JTXV 1N645-1, 1N647-1 


Type 

Reverse 

Current 

@25°C 

Reverse 
Current 
@ 50°C 

Peak 

Reverse 

Current 

@25°C 

Average 
Reverse 
Current 
@ 150°C 

Forward 

Voltage 
@ 2b°C 

Capacitance 

1N645 

0.025a<A 
@ 225Vdc 

15/iAdc 
@ 225Vdc 

lOOfjA (pk) 

@ 270V (pk) 

100//Adc 
@ 225V (pk) 

l.OVdc 

@ If = 400mAdc 
8.3ms 

20pF 

Vr = 4 Vdc 
f = IMHz 

Vs,g = 50mV 

1N645-1 

0.050/jA 
@ 225Vdc 

2 5/1 Ad c 
@ 225Vdc 

100/iA (pk) 

@ 270V (pk) 

100/iAdc 
@ 225V (pk) 

1N647 

0.025M 
@ 400Vdc 

- 

100/iA (pk) 

@ 480V (pk) 

100/iAdc 
@ 400V (pk) j 

1N647-1 

O.OSO/iA 
@ 400Vdc 

- 

100/iA (pk) 

@ 480V (pk) 

100/iAdc 
@ 400V (pk) 



.1 .2 .3 .4 .5 .6 .7 .8 .9 1.0 1.11.2 1.3 1.4 1.5 
Vp— FORWARD VOLTAGE (V) 


Reverse Voltage vs. Reverse Current 



Vr — REVERSE VOLTAGE (V) 
(% OF PIV) 



Inspection Tests 
to 

Verify LTPD 
Group A 

Group B 


*100 Percent Burn-In 

1. Measurement of 
Specified Parameters 

2. Burn-In 

3. Measurement of 
Specified Parameters 
to Determine Delta 




*Order of the tests in the blocks shall be performed as shown. 
Order of procedure diagrams for TX types only. 
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COMPUTER DIODE 

General Purpose 
Switching 


FEATURES 

• Metallurgical Bond 

• Qualified to MIL-S-19500/116 

• Planar Passivated Chip 

• DO-34 or DO-35 Package 

• Non-JAN Available 


JAN, JANTX, 1N914 
JAN, JANTX, JANTXV 1N4148 
JAN, JANTX, JANTXV 1N4148-1 
JAN, JANTX, JANTXV 1N4531 


DESCRIPTION 

This series is very popular for general 
purpose switching applications in 
electronic equipment. 


ABSOLUTE MAXIMUM RATINGS, AT 25°C 


Reverse Breakdown Voltage lOOV 

Peak Working Voltage 75V 

Average Output Current, 1N914 75mAdc 

1N4148 200mAdc 

1N4148-1 150mAdc 

1N4531 125mAdc 

Surge Current, 8.3ms 500mA 

Operating Temperature Range -65°C to -*-175°C 

Storage Temperature Range -65°C to ■*-200°C 


MECHANICAL SPECIFICATIONS 
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ELECTRICAL SPECIFICATIONS (at 25°C unless noted) 


J, JTX 1N914 
J, JTX, JTXV, 1N4148-1N4148-1 
J, JTX, JTXV 1N4531 


Reverse 

Current 
@ 25°C 

Reverse 

Current 

(a25°C 

Peak 

Reverse 

Current 

@25°C 

Reverse 

Current 
@ 150"C 

Reverse 

Current 
@ ISOX 

25nAdc 

5.0/iAdc 

lOOfiA (pk) 

SO/zAdc 

100/xAdc 


(® 

@ 

@ 


Vr = 20Vdc 

Vr = 75Vdc 

VR = 100V(pk) 

Vr = 20Vdc 

VR=75Vdc 


Forward 

Voltage 

Foward 

Recovery 

Voltage 

Forward 

Recovery 

Time 

Reverse 

Recovery 

Time 

Capacitance 

l.OVdc 

Ip = lOmAdc 

5.0V (pk) 

@ 

Ip = SOmAdc 

20ns 

@ 

Ip = SOmAdc 

5ns 

@ 

Ip =1^ = 10mA 

Rl = 100 ohms 

4.0 pF (a) 

VR = 0V,f = lMHz 

Vjig z= 50mV (pk-pk) 

2.8 pF@ 

VR = 1.5V,f = lMHz 

Vjig = 50mV (pk-pk) 



.1 .2 .3 .4 .5 .6 .7 .8 .9 1.0 1.1 1.2 1.3 1.4 1.5 
Vp — FORWARD VOLTAGE (V) 



140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 
Vr — REVERSE VOLTAGE (V) 

{% OF PIV) 



Inspection Tests 
to 

Verify LTPD 
Group A 

Group B 


*100 Percent Burn-In 

1. Measurement of 
Specified Parameters 

2. Burn-In 

3. Measurement of 
Specified Parameters 
to Determine Delta 




*Order of the tests in the blocks shall be performed as shown. 
Order of procedure diagrams for TX types only. 
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COMPUTER DIODE 

General Purpose 
Switching 


FEATURES 

• Metallurgical Bond 

• Qualified to MIL-S-19500/144 

• Planar Passivated Chip 

• DO-7, DO-34 or DO-35 Package 

• Non-JAN Available 


JAN & JANTX 1N3064 
JAN, JANTX & JANTXV 1N4454 
JAN, JANTX & JANTXV 1N4454-1 
JAN, JANTX & JANTXV 1N4532 


DESCRIPTION 

Available in DO-7, DO-34 or DO-35 
packages. Unitrode offers high 
temperature metallurgical bond, making 
these devices useful in high reliability 
applications. 


ABSOLUTE MAXIMUM RATINGS, AT 25°C 


Reverse Breakdown Voltage 75V 

Peak V\/orking Voltage 50V 

Average Output Current, 1N3064 75mA 

1N4454,-1 200mA 

1N4532 125mA 

Surge Current, Isec, 1N3064 0.5A 

1N4454,-1 lA 

1N4532 0.5A 

Operating Temperature Range -65°C to +175°C 

Storage Temperature Range -65®C to +200°C 


MECHANICAL SPECIFICATIONS 


A 



J & JTX 1N3064 
J, JTX & JTXV 1N4454 & 1N4454 1 
J, JTX & JTXV 1N4532 


J, JTX & JTXV 1N4532 



INCHES 

MILLIMETERS 

A 

.050- 075 

1 20 - 1.80 

B 

.085- 120 

2 04 - 2 88 

c 

1.0 MIN. 

24.0 MIN. 

D 

.018- 022 

.0432 - .528 


J & JTX 1N3064 



INCHES 

MILLIMETERS 

A 

.078 - .107 

1 98 - 2 72 

B 

195 - 300 

4 95 - 7 62 

C 

1.0 MIN. 

24 0 MIN 

D 

.018 - 022 

46- 56 


J, JTX & JTXV 1N4454,-1 



INCHES 

MILLIMETERS 

A 

056 - .075 

1 42 - 1.90 

B 

140- 180 

3.55 - 4 57 

C 

1.0 MIN 

24.0 MIN 

D 

018- 022 

46- 56 
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J & JTX 1N3064 
J, JTX & JTXV 1N4454 & 1N4454-1 
J, JTX& JTXV 1N4532 


ELECTRICAL SPECIFICATIONS (at 25°C unless noted) 


Type 

Reverse 
Current 
@ 25°C 

Reverse 
Current 
@ 150°C 

Reverse 

Breakdown 

Voltage 
@ -65°C 

Reverse 

Recovery 

Time 

Capacitance 

1N3064 




4ns 

2pF 

1N4454 

0.1/yAdc 

lOOMdc 

75Vdc 

@ 

@ 

1N4454-1 

@ 

@ 

@ 

If = Ir = lOmAdc 

Vr = 0 Vdc, f = 1 MHz 

1N4532 

Vr = 50V 

1 

Vr = 50V 

Ir = 5//Adc 

Rl = 100 ohms 
c < 3pF 

Vsig = 50mV (pk to pk) 



Forward 

Forward 

Forward 

Recovery 

Recovery 

Voltage 

Voltage 

Time 

1.0 Vdc 

5.0V (pk) 

@ 

If = lOOmAdc 

30ns 

@ 

If = lOOmAdc 

If = lOmAdc 

tr < 0.4ns 

tr < 0.4ns 


Average Rectified Current vs. 
Ambient Temperature for 1N3064 



! t 

25X 175°C 


Ta-AMBIENT temperature (X) 


Average Rectified Current vs. 
Ambient Temperature for 
1N4454,-1 and 1N4532 



0 20 40 60 80 100 120 140 160 180 

25X 175X 


Ta-AMBIENT TEMPERATURE (X) 
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COMPUTER DIODE 

Switching 


JAN, JANTX 1N3070 
JAN, JANTX 1N4938 


DESCRIPTION 

Double-plug construction affords integral 
positive contact by means of a thermal 
compression bond. Moisture free stability 
is ensured through hermetic sealing. The 
coefficients of thermal expansion of the 
glass case and the dumet plugs are 
closely matched. Hot solder dipped leads 
are standard. 


ABSOLUTE MAXIMUM RATINGS, AT 25°C 

Reverse Breakdown Voltage 200V 

Steady-State Forward Current at (or below) 25°C Free Air Temperature 150mA 

Peak Surge Current, Isec 500mA 

Peak Surge Current, 1ms 2A 

Continuous Power Dissipation at (or below) 25°C Free Air Temperature 250mW 

Operating Temperature Range -65°C to -t'200°C 

Storage Temperature Range -65°C to -»-200°C 


FEATURES 

• Double-plug Construction 

• Qualified to MIL-S-19500/169 

• Available in DO-7 or DO-35 package 


MECHANICAL SPECIFICATIONS 
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JAN, JANTX 1N3070 
JAN,JANTX 1N4938 


ELECTRICAL SPECIFICATIONS (at 25°C unless noted) 


Type 

Maximum Re 
@ 25°C 

verse Current 
@ 150X 

Maximum Forward 
Voltage 

Maximum 

Capacitance 

Maximum Reverse 
Recovery Time 

1N3070 

1N4938 

0.1/yAdc 

@ 

175Vdc 

lOO/vAdc 

@ 

175Vdc 

i 

IVdc 

@ 

If = lOOmAdc 

X 

o 

II 

DC 

> 

50ns 

@ 

If = 30mA 

Ir = 30mA 

Irec ~ 1mA 


Steady-State Current vs. 
Free Air Temperature 



0 25 50 100 150 200 

Ta-free air temperature (°C) 
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COMPUTER DIODE 

150 mA, Switching 


JAN, JANTX, JANTXV 1N3595 


FEATURES 

• Metallurgical Bond 

• Qualified to M I L-S-1 9500/241 

• Planar Passivated Chip 

• DO-7 Package 

• Non-JAN Available 


DESCRIPTION 

A very useful device for medium current 
switching applications. 


ABSOLUTE MAXIMUM RATINGS, AT 25®C 


Peak Reverse Voltage 125V 

Reverse Breakdown Voltage 150V 

Average Output Current ISOmAdc 

Surge Current, IS 500mA 

1/iS 4A 

Operating Temperature Range - 65 “C to -i- 150 ”C 

Storage Temperature Range -BS^Cto -h200‘’C 


MECHANICAL SPECIFICATIONS 

JAN, JANTX, JANTXV 1N3595 


A 




INCHES 

MILLIMETERS 

A 

.092 - .130 

2.37 - 3.30 

B 

.130 - .300 

3.30 - 7.62 

C 

1.0 - 1.5 

25 40 - 38.10 

D 

018 - .022 

46 - .56 
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JAN, JANTX, JANTXV 1N3595 


ELECTRICAL SPECIFICATIONS (at 25°C unless noted) 



Vf, 

Vf, 

Vf3 

^F4 

Vf3 

Vf3 

Limits 

Ip = 200mAdc 

Ip = lOOmAdc 

Ip = 50mAdc 

Ip = lOmAdc 

Ip = SmAdc 

Ip = ImAdc 

Min 

o.savdc 

0.79Vdc 

0.74Vdc 

0.65Vdc 

o.eovdc 

0.52Vdc 

Max 

I.OOVdc 

0.92Vdc 

o.aavdc 

O.aOVdc 

0.75Vdc 

o.eavdc 


Limits 

Iri 

Vr = 125Vdc 

'r2 

Vr = 30Vdc 

'R3 

Vr = 125Vdc 

•r4 

Vr = 125Vdc 

C 

Vr = OVdc 

trr 

Ip = lOmAdc 



Ta = 125°C 

Ta = 125"C 

Ta = 150 °C 

f = 1MHz 

Vr = 35Vdc 

Min 

— 

— 

— 

— 

— 

- 

Max 

I.OnAdc 

0.3p<Adc 

O.S^Adc 

3.0/i^dc 

a.opF 

3.0hS 


Typical Reverse Voltage vs Reverse Current 



Vr - REVERSE VOLTAGE (V) 
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COMPUTER DIODE 

200mA 

Low Power, Switching 


JAN, JANTX & JANTXV 1N3600 
JAN, JANTX & JANTXV 1N4150 
JAN, JANTX & JANTXV 1N4150-1 


FEATURES 

• Metallurgical Bond 

• Qualified to MIL-S-19500/231 

• Planar Passivated Chip 

• DO-7 or DO-35 Package 

• Non-JAN Available 


DESCRIPTION 

This series of switching diodes is useful in 
many computer switching applications, for 
both military and commercial systems. 


ABSOLUTE MAXIMUM RATINGS, 


Reverse Breakdown Voltage 75V 

Peak Working Voltage 50V 

Average Output Current 200mA 

Surge Current (Isec) 0.5A 

(ljusec) 4.0A 

Operating Temperature Range — 65®C to +175®C 

Storage Temperature Range — SS^C to +200^*0 


MECHANICAL SPECIFICATIONS 


J, JTX & JTXV1N3600 J, JTX & JTXV 1N4150, 1N4150-1 




fNCHES 

MILLIMETERS 

A 

.078 - .107 

1.98-2.72 

B 

, 

r 

4.95 - 7.62 

c 

1.0 MIN. 

25.40 MIN. 

D 

.018 - .022 

.46 - .56 



INCHES 

MILLIMETERS 

A 

.056 - .075 

1.42 - 1.90 

B 

.140 - .180 

3.55 - 4.57 

c 

1.0 MIN. 

25.40 MIN. 

D 

.018 - .022 

.46 - .56 
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ELECTRICAL SPECIFICATIONS (at 25°C unless noted) 


JAN, JANTX & JANTXV 1N3600, 1N4150 & 1N4150-1 


Characteristics 

Forward Voltage 

Forward Voltage 

Forward Voltage 

Forward Voltage 

Forward Voltage 

Reverse 

Breakdown 

Voltage 

— 

Conditions 

Vr, 

Ip = 1 mAdc 

Ip = 10 mAdc 

Vf, 

Ip = 50 mAdc 
(pulse) 

Vf4 

Ip = 100 mAdc 
(pulse) 

Vf5 

Ip == 200 mAdc 
(pulse) 

BV 

Ir = 5.0 fiAdc 

Minimum 

Maximum 

0.540 Vdc 
0.620 Vdc 

0.660 Vdc 
0.740 Vdc 

0.760 Vdc 

0.860 Vdc 

0.820 Vdc 
0.920 Vdc 

0.870 Vdc 

1.00 Vdc 

75 Vdc 


Characteristics 

Reverse Current 

Reverse Current 

Junction Capacitance 

Reverse 
Recovery Time 

Reverse 
Recovery Time 

Forward 
Recovery Time 

Conditions 

II 

< 

Q. 

O 

Ir 

Vr = 50 Vdc 

c 

Vr = 0 

F = lMHz 

V,ig = 50 mv (p-p) 

^rrl 

Ip = Ir = 

10 to 200 mAdc; 
Rl = 100 ohms 

trrZ 

lp_ Ir_ 

200 to 400 mAdc; 
Rl = 100 ohms 

tfr 

Ip = 200 mAdc; 
tp = 100 nsec; 
t,. = 0.4 nsec 

Maximum 

0.1 /xAdc 

100 [iMc 

2.5 pf 

4 nsec 

6 nsec 

10 nsec 


Typical Forward Current vs Voltage 



Reverse Voltage vs. Reverse Current 



140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 
Vr — REVERSE VOLTAGE (V) 

(% OF PIV) 
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COMPUTER DIODE 

Switching 


1N4149, 1N4151, 1N4154 
1N4446, 1N4447, 1N4448 
1N4449 


FEATURES 

• Metallurgical Bond 

• Planar Passivated 

• DO-35 


DESCRIPTION 

This series offers Metallurgical Bonding 
and is very popular for general purpose 
switching applications. 


ABSOLUTE MAXIMUM RATINGS, AT 25°C 

1N4149 1N4151 1N4154 1N4446 1N4447 1N4448 1N4449 

Peak Reverse Voltage 75V 75V 35V 75V 75V 75V 75V . . 


Average Rectified Current 200mAdc . . . 

Surge Current, 8.3 mS SOOmA . . . . 

Operating Temperature Range -65°Cto -t-150°C 

Storage Temperature Range -65°Cto -f-200°C 


MECHANICAL SPECIFICATIONS 


1N4149, 1N4151, 1N4154, 
1N4446, 1N4447, 1N4448 
1N4449 



INCHES 

MILLIMETERS 

A 

.065 

1 65 

B 

.155 

3.94 

C 

1 0 MIN 

25.4 MIN. 

D 

.020 

.51 
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1N4149, 1N4151, 1N4154 
1N4446, 1N4447, 1N4448 
1N4449 


ELECTRICAL SPECIFICATIONS (at 25‘'C unless noted) 


Type 

Peak 

Inverse 

Voltage 

Forward Voltage 

Reverse 
Current 
Vr nA 

Reverse 
Current 
@ 150°C 
VrfA 

Junction 
Capacitance 
@ OV 

Reverse 

Recovery 

Time 

tRR 

@ 10mA 

@ 20mA 

@ 30mA 

@ 50mA 

@ 100mA 

1N4149 

75 

1.0 

— 

— 

— 

_ 

20 

25 

20 

50 

4pF 

4nS 

1N4151 

75 

- 

— 

— 

1.0 

_ 

50 

50 

50 

50 

4pF 

2nS 

1N4154 

35 

_ 

— 

1.0 

— 

— 

25 

100 

25 

100 

4pF 

2nS 

1 N4446 

75 

— 

1.0 

— 

— 

— 

20 

25 

20 

50 

4pF 

4nS 

1N4447 

75 

— 

1.0 

— 

— 

— 

20 

25 

20 

50 

4pF 

4nS 

1 N4448 

75 

— 

— 

— 

— 

1.0 

20 

25 

20 

50 

4pF 

4nS 

1 N4449 

75 

- 

- 

1.0 

- 

- 

20 

25 

20 

50 

u_ 

Q. 

CM 

4nS 


Typical Forward Voltage vs Forward Current 



.1 .2 3 .4 5 .6 ,7 8 .9 1.0 1.1 1.2 1.3 1 4 1.5 

Vp ~ FORWARD VOLTAGE (V) 


Typical Reverse Voltage vs. Reverse Current 



L-Lii 1 1 1 1 1 1 I I 1 1 i 

140130120110 100 90 80 70 60 50 40 30 20 10 0 
Vp, — REVERSE VOLTAGE (V) 
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COMPUTER DIODE 

Switching 


1N4152, 1N4305, 1N4444 


FEATURES 

• Metallurgical Bond 

• Planar Passivated 

• DO-35 Package 


DESCRIPTION 

This series offers Metallurgical Bonding and 
is very popular for general purpose switching 
applications. 


ABSOLUTE MAXIMUM RATINGS, AT 25 °C 


Peak Reverse Voltage 

Reverse Working Voltage 

Average Rectified Current 

Surge Current, 8.3 mS 

Operating Temperature Range 
Storage Temperature Range .... 


12 1N4305 ir 

75V 

50V 

200mAdc 

500mA ;.... 

-65“Cto -l-150“C . 
-65°Cto -f200“C. 


MECHANICAL SPECIFICATIONS 









1N4152, 1N4305, 1N4444 


ELECTRICAL SPECIFICATIONS (at 25 ®C unless noted) 


Type 

Peak 

Inverse 

Voltage 

(V) 

Forward 
Voltage 
@ 0.1mA 

min max 

Forward 
Voltage 
@ 0.25mA 

min max 

Forward 
Voltage 
@ 1.0mA 

min max 

Forward 
Voltage 
@ 2.0mA 

min max 

Forward 
Voltage 
@ 10mA 

min max 

Forward 
Voltage 
@ 20mA 

min max 

Forward 
Voltage 
@ 100mA 

min max 

1N4152 

40 

0.49 

0.55 

0.53 

0.59 

0.59 

0.67 

0.62 

0.70 

0.70 

0.81 

0.74 

0.88 

— 

— 

1N4305 

75 

- 

- 

0.505 

0.575 

0.55 

0.65 

0.61 

0.71 

0.70 

0.85 

- 

- 

- 

- 

1 N4444 

70 

0.44 

0.55 

- 

- 

0.56 

0.68 

- 

- 

0.69 

0.82 



- 

- 

0.85 

1.0 


Type 

Reverse 

Current 

Vf, (nA) 

Reverse 
Current 
@ 150°C 

Junction 

Capacitance 

@ 

OV 

Reverse 

Recovery 

Time 

^rr 

1N4152 

30 

50 

30 

50 

2pF 

2nS 

1 N4305 

50 

100 

50 

100 

2pF 

2nS 

1 N4444 

50 

50 

50 

50 

2pF 

7nS 


Forward Voltage vs. Forward Current 



Reverse Voltage vs. Reverse Current 
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COMPUTER DIODE 

150mA 

Switching Diode 


JAN, JANTX & JANTXV 1N4153 
JAN, JANTX & JANTXV 1N4534 


FEATURES 

• Metallurgical Bond 

• Qualified to MIL-S-19500/337 

• Planar Passivated Chip 

• DO-34 or DO-35 Package 

• Non-JAN Available 


DESCRIPTION 

This device is particularly suited to 
applications where tightly controlled 
forward characteristics and fast recovery 
time are important. 


ABSOLUTE MAXIMUM RATINGS, AT 25°C 


Reverse Breakdown Voltage 75V 

Peak Working Voltage 50V 

Average Output Current* 150mA 

Surge Current, Ifjs 2.0A 

Operating Temperature Range -65°C to +200°C 

Storage Temperature Range -65°C to +200°C 


^Derate 0.86mAdc/°C for Ta above 25°C. 


MECHANICAL SPECIFICATIONS 


J, JTX & JTXV 1N4153 
J, JTX & JTXV 1N4534 


A 



J, JTX & JTXV 1N4534 J,JTX & JTXV 1N4153 



INCHES 

MILLIMETERS 

A 

056 - .075 

142 - 1.90 

B 

140 - 180 

3.55 - 4 57 

C 

1.0 MIN 

25 40 MIN 

D 

.018 - .022 

46 - .56 



INCHES 

MILLIMETERS 

A 

050 - 065 

1 27 - 1.65 

B 

.080 - .120 

2 03 - 3.05 

5 ] 

10-15 

25 4 - 38 1 

0 

.018 - .022 

.46 - 56 
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ELECTRICAL SPECIFICATIONS (at 25°C unless noted) 


J, JTX& JTXV 1N4153 
J, JTX&JTXV 1N4534 



Vf, 

Vr 

Vf3 

Vm 

Vfs 

Vff 

Limit 

lc = 100 juAdc 

Ip = 250 /zAdc 

Ip = 1 mAdc 

Ip = 2 mAdc 

Ip = 10 mAdc 

Ip = 20 mAdc 

Min 

0.490Vdc 

0.530Vdc 

0.590Vdc 

0.620Vdc 

0.700Vdc 

0.740Vdc 

Max 

0.550Vdc 

0.590Vdc 

0.670Vdc 

0.700Vdc j 

O.SlOVdc 

O.SSOVdc 



Ir 

Ir2 

Vr = BOV 

C 

Vr = 0 

trr 

If = Ir = lOmAdc 

Reverse 

Breakdown 

Voltage 

Limit 

Vr = 50V 

o 

o 

LO 

II 

< 

1- 

f = IMHz 

Ru = 100 ohms 

Ir = 5.0/iAdc 

Min 

_ 

— 

_ 

_ 

75V 

Max 

0.05/7Adc 

50/iAdc 

2.0pF 

4ns 

- 




.1 .2 .3 .4 .5 .6 .7 .8 9 1.0 1.1 1.2 1.3 1.4 1.5 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 

Vp — FORWARD VOLTAGE (V) V^ — REVERSE VOLTAGE (V) 

(% OF PIV) 



Inspection Tests 
to 

Verify LTPD 
Group A 

Group B 


*100 Percent Burn-In 

1. Measurement of 
Specified Parameters 

2. Burn-In 

3. Measurement of 
Specified Parameters 
to Determine Delta 



*Order of the tests in the blocks shall be performed as shown. 
Order of procedure diagrams for TX types only. 
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COMPUTER DIODE 

Switching 


1N4450, 1N4451, 1N4453 


FEATURES 

• Metallurgical Bond 

• Planar Passivated 

• DO-35 Package 


DESCRIPTION 

This series offers Metallurgical Bonding 
and is very popular for general purpose 
switching applications. 


ABSOLUTE MAXIMUM RATINGS, AT 25 X 

Peak Reverse Voltage 

Reverse Working Voltage 

Average Rectified Current 

Surge Current, 8.3 mS 

Operating Temperature Range 

Storage Temperature Range 


1N4450 

.... 40V ... 
... 30V ... 


1N4451 

40V 

30V 

.... 200mAdc 

500mA 

65 °C to +150°C 
65°Cto +200X 


1N4453 

.. 30V .... 
.. 20V .... 


MECHANICAL SPECIFICATIONS 


1N4450, 1N4451, 1N4453 


A 




INCHES 

MILLIMETERS 

A 

065 

1.65 

B 

155 

3.94 

C 

1 0 MIN 

25.4 MIN 

D 

.020 

.51 
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1N4450, 1N4451, lN44b. 


ELECTRICAL SPECIFICATIONS (at 25®C unless noted) 


Type 

Peak 

Inverse 

Voltage 

Forward 
Voltage 
@ 0.01mA 

Forward 
Voltage 
@ 0.1mA 

Forward 
Voltage 
@ 1.0mA 

Forward 
Voltage 
@ 10mA 

Forward 
Voltage 
@ 100mA 

Forward 
Voltage 
@ 200mA 

Forward 
Voltage 
@ 300mA 


(V) 

min 

max 

min 

max 

min 

max 

min 

max 

min 

max 

min 

max 

min 

max 

1 N4450 

40 

— 


0.42 

0.54 

0.52 

0.64 

0.64 

0.76 

0.80 

0.96 

— 

1.0 

— 

— 

1N4451 

40 

— 

— 

0.40 

0.50 

0.51 

0.61 

0.62 

0.72 

0.75 

0.875 

_ 

— 

— 

1.0 

1N4453 

30 

0.43 

0.55 

0.51 

0.63 

0.60 

0.71 

0.69 

0.80 

0.80 

0.92 

- 

- 

- 

- 


Type 

Reverse 

Current 

''r (nA) 

Reverse 
Current 
@ 150®C 

Junction 

Capacitance 

@ 

OV 

Reverse 

Recovery 

Time 

trr 

1 N4450 

30 

50 

30 

50 

4pF 

4nS 

1N4451 

30 

50 

30 

50 

6pF 

lOnS 

1N4453 

20 

50 

20 

50 

30pF 

- 



.1 .2 .3 .4 .5 .6 .7 .8 .9 1.0 1.11.2 1.3 1.4 1.5 

Vp - FORWARD VOLTAGE (V) 



140 130 120 no 100 90 80 70 60 50 40 30 20 10 0 


Vp ~ REVERSE VOLTAGE (V) 
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COMPUTER DIODE IN4452, 1N4607, 1N4608 

High Conductance 


FEATURES 

• Metallurgical Bond 

• Planar Passivated 

• High Conductance 

• DO-35 Package 


DESCRIPTION 

This seiies offers Metallurgical Bonding 
and is specifically designed for high 
conductance switching applications 
such as core memories. 


ABSOLUTE MAXIMUM RATINGS, AT 25 


Peak Reverse Voltage 

Reverse Working Voltage 

Average Rectified Current 

Surge Current, 8.3 mS 

Operating Temperature Range 
Storage Temperature Range . . 


1N4452 1N4607 

40V 85V . . . . 

30V 50V . . . . 

400mAdc 

lA 

-65°Cto+150°C 

-65°C to +200°C 


1N4608 

, 85V ... 

50V 

500mAdc .. 


MECHANICAL SPECIFICATIONS 


1N4452, 1N4607, 1N4608 


A 



[■I 

INCHES 

MILLIMETERS 


.065 

1 65 

B 

.155 

3.94 

C 

1.0 MIN. 

25.4 MIN 

D 


.51 
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1N4452, 1N4607, 1N4608 


ELECTRICAL SPECIFICATIONS (at 25®C unless noted) 


Type 

Peak 

Inverse 

Voltage 

Forward 
Voltage 
@ 0.1mA 
min max 

Forward 
Voltage 
(S) 1.0mA 
min max 

Forward 
Voltage 
@ 10mA 
min max 

Forward 
Voltage 
@ 100mA 
min max 

Forward 
Voltage 
(g) 250mA 
min max 

Forward 
Voltage 
@ 350mA 
min max 

Forward 
Voltage 
(® 400mA 
min max 

Forward 
Voltage 
@ 500mA 
min max 

1N4452 

40V 

0.42 

0.54 

0.51 

0.62 

0.60 

0.71 

0.71 

0.83 

_ 

— 

_ 

_ 

_ 

— 

__ 

_ 

1N4607 

85V 1 

0.39 

0.50 

0.50 

0.60 

0.61 

0.72 

0.74 

0.87 

0.81 

0.95 

_ 

1.0 

— 

1.1 

— 

— 

1N4608 

85V 

0.39 

0.49 

0.50 

0.60 

0.61 

0.71 

0.74 

0.85 

0.81 

0.93 

0.84 

0.96 

- 

- 

- 

1.1 


Type 

Forward 
Voltage 
@ 600mA 
min max 

Forward 
Voltage 
@ 1000mA 
min max 

Reverse 

Current 

Vr nA 

Reverse 
Current 
(S) lOOX 
Vr /iA 

Reverse 
Current 
(5) 150'’C 
Vr /iA 

Junction 

Capacitance 

(® 

OV 

Reverse 

Recovery 

Time 

trr 

1N4452 

— 

1.0 

0.90 

1.2 

30 

50 

_ 

_ 

30 

50 

_ 

50nS 

1N4607 

— 

— 

— 

— 

50 

100 

50 

25 

— 

— 

4pF 

lOnS 

1N4608 

- 

- 

L_JZ 

- 

50 

100 

50 

25 

- 

- 

4pF 

lOnS 



1 2 .3 4 5 6 7 .8 .0 1.0 1.1 1.2 1.3 1.4 1.5 

Vp _ FORWARD VOLTAGE (V) 
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Vp - REVERSE VOLTAGE (V) 
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COMPUTER DIODE 

500mA 

Switching Diode 


JAN & JANTX 1N4500 


FEATURES 

• Metallurgical Bond 

• Qualified to MIL-S-19500/403 

• Planar Passivated Chip 

• DO-35 Package 

• Non-JAN Available 


DESCRIPTION 

This device is a fast switching, high con- 
ductance diode for military, space, high rel 
and other systems. 


ABSOLUTE MAXIMUM RATINGS, AT 25°C 


Reverse Breakdown Voltage SOVdc 

Peak Working Voltage 75Vpk 

Average Output Current 300m Adc 

Surge Current, Isec 0.5A 

l/usec 4.0A 

Operating Temperature Range — 65°C to -f 175°C 

Storage Temperature R»nge — 65“C to -f 200'’C 


MECHANICAL SPECIFICATIONS 




D 


C-*j 


1 ^ 



INCHES 

MILLIMETERS 

AJ 

060 - .107 

1.52 - 2 72 


140 - 300 

3 55 - 7.62 

m 

1.0 MIN 

25.40 MIN 

D 

018 - .022 

.46 - .56 


J & JTX 1N4500 
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JAN & JANTX 1N4500 


ELECTRICAL SPECIFICATIONS (at 25°C unless noted) 


Limits 

Vr 

Ip =: 250/aAdC 

Vr 

Ip = 1.0m Adc 

Vf3 

p = lOmAdc 

Vf4 

Ip 20mAdc 

Vfsl/ 

Ip = 300mAdc 

c 

Vr = 0 

100 kHz<f <lMHz 
Vjig = 50 mv (p-p) 


mVdc 

mVdc 

mVdc 

mVdc 

Vdc 

PF 

Minimum 

470 

520 

640 

670 

— 

— 

Maximum 

560 

600 

720 

770 

1.10 

4.0 



VR = 75Vdc 

By 

Ip =r 5;iAdC 

VR = 75Vdc 

T;^ = 150°C 

trr 

Ip__ Ir _ 

10 mAdc; Rl = 100 ohms 

Minimum 

nAdc 

Vdc 

80 

(uAdc 

nsec 

Maximum 

100 


100 

6.0 



.J. I It 1 — t_i — I 1 1 1 U I I I 

.1 .2 .3 .4 .5 .6 .7 .8 .9 1.0 1.11.2 1.3 1.4 1.5 

Vp — FORWARD VOLTAGE (V) 



140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 
V,, — REVERSE VOLTAGE (V) 

(% OF PIV) 
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PIN DIODES PRODUCT SELECTION GUIDE 

For applications information, see PIN Diode Designers’ Handbook and Catalog (PD-500B) 


SWITCHING PIN DIODES 


Type 

Voltage , 

Rating 

Range 

Capacitance 
(OV, 1 GHz) 
Cj max. 

Forward 
Resistance 
(lOOmA, 1 GHz) 
Rs max. 

Parallel 
Resistance 
(lOOV, 1 GHz) 
Rp min. 

Average 

Thermal 

Resistance 

max. 

Average 

Power 

Dissipation 

max. 

Peak 
Power 
Dissipation 
Pp max. 

Carrier 

Lifetime 

Ip - lOmA 
r min. 


(V) 

(pR 

m 

m) 

rc/w) 

(W) 

(KW) 

(ftS) 

UM4000 

100-1000 

3.0 

0.5 

2 

6 

25 

100 

5.0 

UM49O0 

100-600 

3.0 

0.5 

2 

4 

37 

100 

5.0 

UM6000 

100-1000 

0.5 

1.7 

15 

25 

6 

25 

1.0 

UM6200 

100-400 

1.1 

0.4 

10 

25 

6 

10 

0.6 

UM6600 

100-1000 

0.4 

2.5 

10 

35 

4 

13 

1.0 

UM7000 

100-1000 

0.9 

1.0 

10 

15 

10 

60 

2.5 

UM7100 

100-800 

1.2 

0.6 

8 

15 

10 

35 

2.0 

UM7200 

100-400 

2.2 

0.25 

7 

15 1 

10 

20 

1.5 


HIGH POWER ATTENUATOR & MODULATOR PIN DIODES 


Type 

Voltage 

Ratings 

Range 

Total 

Capacitance 
(OV, 1 GHz) 
max. 

RF Resistance 
{100mA, 1 GHz) 

Rs max. 

RF Resistance 
(lOfiA, 1 GHz) 

Rs min. 

Average 

Thermal 

Resistance 

0 ^ max. 

Average 

Power 

Dissipation 

P^ max. 

Carrier 
Lifetime 
if ^ lOmA 

T min. 


(V) 

(pF) 

(C) 

{«) 

(°C/W) 

(W) 

Ous) 

UM4300 

100-1000 

2.2 

1.5 

1000 

8 

18 

5.0 

UM7300 

100-1000 

0.7 

3.0 

3000 

20 

7.5 

2.5 


GENERAL PURPOSE PIN DIODE 


Type 

Voltage 

Rating 

(Ir-IOM) 

Total 

Capacitance 
(50V, HVIHz) 

Oj max. 

RF Resistance 
(lOM. lOQ MHz) 

Rs min. 

RF Resistance 
{20mA, 100 MHz) 

Rs max. 

RF Resistance 
(100mA, lOOMHz) 

Rs max. 

Carrier 
Lifetime 
(Ir - 10mA) 

T min. 

(V) 

(pF) 

(I!) 

(B) 

m 

(ms) 

1N5767 

100 

0.4 

1000 

3000 typ. 

8 

4 typ. 

2.5 

1.5 typ. 

1 


LOW DISTORTION ATTENUATOR PIN DIODES 


Type 

III 

Total 

Capacitance 
(OV, lOOMHz) 

Ct max. 

RF Resistance 
{ 100mA, lOOMHz) 

Rs max. 

RF Resistance 
ilQfiA, lOO MHz) 

Rs max. 

Forward Current 
(Rs - 750 

F - lOOMHz) 

Typ. 

Carrier 

Lifetime 

(l^-lOmA) 

Typ. 


(V) 

(pF) 

(O) 

(H) 

If 

(mA) 

T ijjs) 

1N5957 

100 

0.4 

3.5 

1500 

1.0 

2 

UM9301 

75 

0.8 

3.0 

3000 

1.1 

4 


TWO WAY RADIO ANTENNA SWITCHES 


Type 

Voltage 

Rating 

(l^=:10/.A), 

; 

Total 

Capacitance 
(OV, lOOMHz) 

C.J- max. 

RF 

Resistance 
(5DmA, lOOMHz) 

Rp max. 

Transmit 

Harmonic 

Distortion 

F = 50MHz 

1 - 20mA 

Receive 

Third Order 
Distortion 
(Pin^lOmW, 0 Bias) 
FA=:50MHz 
FB-51MHZ 

Max. 

Average 

Power 

Dissipation 

Max. 


(V) 

(pF) 1 

(0) 

(dB) 

(dB) 

(W) 

UM9401 ^ 
and ! 

UM9402 1 

50 

— ^ 

1.5 

1.0 

-80 

-60 

5.5 

UM9415 

50 

4.0 

1.0 

-80 

60 

10 



12 
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PRODUCT SELECTION GUIDE 


PIN DIODES 

For applications information, see PIN Diode Designers’ Handbook and Catalog (PD-500B) 


LOW RESISTANCE ANTENNA SWITCHES 



Voltage 

^ Total 


Forward Bias 

V Reverse Bias 

Average - 


Rating 

- , Capacitate 

Resistance , ' '' ' 

Third Order , 

. . Third Order ' 

' Power 


(Ir lOfiA) 

"';,(50v/iMHz);: 

(ibmA, lOOMHi) 

\u Distortion 

Im Distortion 

Dissipation 



- 

|«10mA 

V=50V 






« 43MHz 

Fa .:43MHz 


Type ' 




Fb» 44MHz . 

Pi, s: 44MH2 




Ct max'' ‘ 

; / ' V.R$ max' - 

'-’max 

max 

Pa max 

'' 

(V) ""'r' 

m ' 


. .(ciB) 

(dB) 

<W) 

UM9701 

100 

1.8 

.8 

-90 

-90 

2.5 


MICROSTRIP PACKAGED DIODES 


Type 

Resistance 

R$ max. 

tij 

! Rpmin. 

Capacitance 

-^--Cj-max;'-:^ -- 

■’barrier 
ilfeimev --t 

Rating 

Forward 

Voltage 

Vrtyp. 







UM9604 

0.6 

5 

1.2 

2.0 

100, 400 

.85 

UM9608 

1.7 

7 

0.5 

1.0 

100, 400 

.95 


RADIATION DETECTOR 


Type ... 

PhotocLirrent 

10® Rad (Si), 50V ' ' 
Sec 

rnA min. ' 

_ . Photocufrent - . 

Rise Time 
. nS typ. 

Reverse 

Current 

50V 

{t^ max. 

(^pacitance 

F - 1 MHz, V « 50V 
pF max. 

UM9441 

4.0 

10 

1:5 , 

15 


PACKAGE STYLES 

For UM4000, 6000 & 7000 Series 


O ' ■ — = o 



A Style B Style 

Basic Diode Round Axial Leads 


*C Style *D Style E Style 

Stud Insulated Stud Ribbon Axial Leads 


*Not available for UM6000, UM6600, UM6200. 


For UM9600 Series 



Pi 

ft 

a 

1 1 


s. 

Cup 

Cup 

Flange 

Flange 

UM9601/2 

UM9605/6 

UM9603/4 

UM9607/8 


Drawings are not actual size. 


U.S.A 
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PRODUCT SELECTION GUIDE 


PIN DIODES 

For applications information, see PIN Diode Designers’ Handbook and Catalog (PD-500B) 


VOLTAGE RATINGS 


Series 

lOOV 

200V 

400V 

■ 60 Dvy--;-'yfe 

800V 

lOOOV 

UIVI4OD0 

J 

y 


y 


y 

UM4S00 

y 

y 


y 


y 

UM40OO 

j 

y 


y 



UM6000 

y 

y 


y 


y 

UM6200 

y 

y 

y 




UM$600 

y 

y 


y 


y 

■ dmtooo ' 

y 

y 


y 


y 

UIVI7100 

y 

y 

y 


y 


UIVf7200 

y 

y 

y 




UM7300 

y 

y 


y 


y 


ORDERING INFORMATION 

Part numbers of Switching and High Power Attenuator PIN diodes 
consist of the letters UM followed by four digits and one or two letters. 
The first two digits indicate the diode series, the next two digits specify 
the voltage rating in hundreds of volts. The remaining letters denote the 
package style. Reverse polarity is available for C, and D, style and 
denoted by adding second letter R. 


For Example: 


I Series 6000 


^Wq6|b| 


600 Volts 


i Style B I 
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PIN DIODE 


1 N5767 (5082 - 3080)SERIES 
1N5957 SERIES 


Features 

• Useful attenuation from 1 fiA to 100 mA bias. 

• Capacitance below 0.4 pF. 

• Low distortion in switches and attenuators. 

• Rugged Unitrode construction. 

Description 

The 1N5767 and 1N5957 PIN diodes are 
based upon low capacitance PIN chips 
designed with long minority carrier lifetime, 
and thick intrinsic width. Thus operation as 
low as 1 MHz is possible with low distortion. 
Additionally, the low diode capacitance 
allows useful operation well into the micro- 
wave frequency range. 

The 1N5767 (5082-3080) is a general pur- 
pose low power PIN diode designed for both 


switch and attenuator applications. 

The 1N5957 is primarily used as an attenu- 
ator PIN diode and is particularly suitable 
wherever current controlled, wide dynamic 
range resistance elements are required. The 
1 N5957 has also been characterized for the 
75Q attenuator, commonly employed in CATV 
systems. 


MAXIMUM RATINGS 


" Reverse Voltage 
(Vp) - Volts 
(Ir = 10 mA) 

100 V 


Average Power Dissipation: (250) 

Free Air (P^) 

400 mW (Derate linearly to 1750) 


Operating and Storage Temperature Range 


-65“Cto -l-175'C 



UNITRODE 
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Series Resistance 


Series Resistance 


Series Resistance 


Carrier Lifetime (Min) 


Reverse Current (Max 


Current for Rs = 75Q 
(typ) 


Return Loss (typ) 


Second Order Distortion 
(typ) 


Third Order Distortion (typ) 



1N576: 
(5082- 
3080) 

0.4 pF 


lOOOQ(mln) 

2000Q(typ) 


8Q(max) 

4Q(typ) 


10 


0.7 mA 


-40dB 


-60dB 


0.4 pF 


1500Q(min) 

3000Q(typ) 


8Q(max) 

6Q(typ) 



B 

3 



-50 dB 




50 V, 1 MHz 


10 mA, 100 MHz 


20 100 MHz 


2.5Q(max) 

3.5Q(max) 


1.5Q{typ) 

2.0Q(typ) 

100 mA, 100 MHz 



Diode terminates 
75Q line 




= 50 dBmV 
1 = 10 MHz, 

: = 13 MHz 


RESISTANCE 

FORWARD VOLTAGE 

VS FORWARD CURRENT 

VS FORWARD CURRENT 

(TYPICAL) 

(TYPICAL) 






































1N5767 (5082-3080) 1N5957 


TOTAL CAPACITANCE V9 



1 2 5 10 20 50 100 200 500 1000 

Vr — Reverse Voltage (V) 


PARALLEL RESISTANCE VS REVERSE VOLTAGE 



1 2 5 10 20 50 100 200 500 1000 


Vr — Reverse Voltage (V) 


MECHANICAL SPECIFICATIONS 



Dimensions: Inches (Millimeters) 
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PIN DIODE 


UM4000 SERIES 
UM4900 SERIES 


Features 

• Power dissipation to 37.5W 

• Voitage ratings to 1000V 

• Series resistance rated at 0.5Q 

• Carrier lifetime greater than Sf^s 

Description 

The UM4000 and UM4900 series feature 
high power PIN diodes with long carrier life- 
times and thick l-regions. They are especially 
suitable for use in low distortion switches 
and attenuators, in the HF through S band 
frequencies. While both series are electri- 
cally equivalent, the UM4900 series have 
higher power ratings due to a shorter thermal 
path between chip and package. High charge 
storage and long carrier lifetime enable high 
RF levels to be controlled with relatively low 


bias current. Similarly, peak RF voltages can 
be handled well in excess of applied reverse 
bias voltage. 

Both series have been fully qualified in 
high power UHF phase shifters and mega- 
watt peak-power duplexers, accumulating 
thousands of hours of proven performance. 
Both types have been used in the design of 
antenna selectors and couplers, where induc- 
tive and capacitive elements are switched in 
and out of filter or cavity networks. 


MAXIMUM RATINGS 


Average Power Dissipation and Thermai Resistance Ratings 


Package 

Condition 

UM4000 

UM4900 

Pd 

e 

Pd 

e 

A 

25 °C Pin Temperature 

25W 

6°CI\N 

37.5W 

4°C/W 

B&E (Axial Leads) 

V 2 in. (12.7mm) Overall Length 






to 25 °C Contact 

12W 

12.5‘>C/W 

12W 

12.5"C/W 

B&E (Axial Leads) 

Free Air 

2.5W 

— 


— 

C (Studded) 

25 °C Stud Temperature 

25W 

6°C/W 

37.5W 

4°C/W 

D (Insulated Stud) 

25 °C Stud Temperature 

18.75W 

8°C/W 

25W 

6°C/W 


Peak Power Dissipation Rating 


All Packages 

1 fiS Pulse (Single) 

100 KW 


at 25 °C Ambient 



Operating and Storage Temperature Range: -65°C to -i- 175°C 
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UM4000 UM4900 


Voltage Ratings (25 ""C) 


Reverse Voltage 
(Vr) - Volts 
(Ir = 10 r Amps) 

Types 

100 

UM4001 

UM4901 

200 

UM4002 

UM4902 

400 

— 

— 

600 

UM4006 

UM4906 

1000 

UM4010 

— 


Electrical Specifications (25 '’C) 


Test 

Symbol 

UM4000 

UM4900 

Conditions 

Total Capacitance (Max) 

Ct 

3 pF 

OV, 1 GHz 

Series Resistance (Max) 

Rs 

0.5Q 

100 mA, 1 GHz 

Parailel Resistance (Min) 

Rp 

2 KS 

100 V, 1 GHz 

Carrier Lifetime (Min) 

T 

5/iS 

Ip = 10 mA 

Reverse Current (Max) 

Ir 


Vr = Rating 

1-Region Width (Min) 

W 

150jum 

— 


TYPICAL FORWARD RESISTANCE 
VS 

FORWARD CURRENT 
(F= 100 MHz) 



Ip - FORWARD CURRENT 


TYPICAL PARALLEL RESISTANCE CHARACTERISTIC 



1 2 5 10 20 50 100 200 500 1000 

Vr — REVERSE VOLTAGE (V) 
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PULSE THERMAL IMPEDANCE (°C/W) Cy — TOTAL CAPACITANCE (pF) 


UM4000 UM4900 
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UM4000 UM4900 


MECHANICAL SPECIFICATIONS 


UM4000 Series 


Dimensions — English/Metric 


STYLE A 


STYLE B 


.171 

.155 


( 4 . 34 ) 




STYLE C 
STUD 


STYLE D 

INSULATED STUD 




STYLE E 
RIBBON LEADS 
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UM4000 UM4900 




STYLE A 


STYLE B 


.125 (3.18) 
OIA. 

MAX. 


TYP 

014 (.36) MIN. 
TO GLASS - 


BLACK 

-CATHODE 

DOT 


L (2.32) OIA. 
(2.27) 

.0915 

0895 


041(1.04) 095(2.41) 

•039 (.99) OIA. - 

DIA. MAX 


[_(3.18) .125 

DIA 

MAX. 


YELLOW 
CATHODE BAND 


STYLE C 
STUD 


STYLE D 

INSULATED STUD 


.187 

(4.75) HEX. 
.035 \ 

(.89) MAX. TO \ 
FIRST FULL THD. ' 


.159 

.154 .053 

(4.04) I -049 
(3.91) J (1-30) 


.187 

14.75) HEX. 


I ' (5.00) .197 

D (1.?3) (4.50) .177 
,(1.75)_r 
.076 I 

.069 (4. 75). 187 
>40NC-2<^-,"°>-'^^ 


j (3.02). 119 
{2.82).111 


CU RIBBON (2 PLACES) 
(3.25)^ (2.0) 

(.07) (.13) 

.128 .008 
.121 .005 



(3.18) X (1.52)THK I ^ 
.,25D,A..060 
UeO CERAMIC 

J 1 ’ 1 

- -.035-T- I 

(.89) MAX. TO (4 83) .190 
FIRST FULL ( 4 . 57 ). igO 
T HO I 


STYLE E 
RIBBON LEADS 


1 (24.£ 

r MIN 


(3.29) '( 43) . 
(2.03) (.38) 

.090 .017 

.080 .015 



YELLOW 

CATHODE 

MARK 
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PIN DIODE 


UM4300 SERIES 
UM7300 SERIES 


For Attenuator Applications 
Features 

• Extremely low distortion performance 

• Useful frequency range extends below 500 KHz 

• Power dissipation to 20W (UM4300) 

• Capacitance as low as 0.7 pF (UM7300) 

• Voltage ratings to 1000V 


Description 

The UM4300 and UM7300 series combine a 
diode chip of extremely thick intrinsic region 
with a low thermal resistance construction. 
This results in diodes uniquely applicable to 
very low distortion linear attenuators and 
specialized switching functions. The UM4300 
series, with large cross-sectional chip area 
offers the highest power capability, of the 
two series. The UM7300 series offers lower 
capacitance. 


Both diode series are intended for use in 
linear attenuators operating from HF to 
beyond 1 GHz. Low distortion at low frequen- 
cies is a result of transit time frequencies 
below 5 MHz. 

Operated as RF switches, either diode 
series can be operated at low dc reverse bias 
voltages, to hold off much higher RF voltage 
levels. 


MAXIMUM RATINGS 


Average Power Dissipation and Thermal Resistance Ratings 


Package 

Condition 

UM4300 

Pd e 

UM7300 

Pd e 

A 

25°C Pin Temperature 

20W 

7.5 X/W 

7.5W 

20 X/W 

B&E (Axial Leads) 

Vi in. Total Length to 

25 X Contact 

10W 

15X/W 

4W 

37.5 X/W 

B&E (Axial Leads) 

Free Air 

2.5W 

— 

1.5W 

— 

C (Studded) 

25 X Stud 

20W 

7.5 X/W 

7.5W 

20 X/W 

D (Insulated Stud) 

25 X Stud 

15W 

10 X/W 

6W 

25 X/W 


Peak Power Dissipation Rating 


All packages 

Vs Pulse (Single) 

500 KW 

100 KW 


at 25 "C Ambient 




Operating and Storage Temperature Range: -65°C to -t- 175°C 


UIMITRODE 
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UM4300 UM7300 


Voltage Ratings (25°C) 


Reverse Voltage 
(Vr) - Volts 
(Ir = 10 jL/A) 

Types 

100 V 

UM4301 

UM7301 

200V 

UM4302 

UM7302 

600V 

UM4306 

UM7306 

1000V 

UM4310 

UM7310 


Electrical Specifications (25 X) 


Test 

Symbol 

UM4300 

UM7300 

Conditions 

Total Capacitance (Max) 

Ct 

2.2 pF 

0.7 pF 

OV, 1 GHz 

Series Resistance (Max) 

Rs 

1.5Q 

3.02 

100 mA, 1 GHz 

Series Resistance (Min) 

Rs 

10002 

30002 

10 mA, 100 MHz 

Carrier Lifetime (Min) 

T 

6ps 

4.0mS 

Ip = 10 mA 

Leakage Current (Max) 

Ir 

lOpA 

lOpA 

Vr = Rating 

1-Region Width (Min) 

W 

250Mm 

250/im 

— 


TYPICAL FORWARD RESISTANCE 
VS FORWARD CURRENT (F = 100 MHz) 


TYPICAL DC CHARACTERISTIC 
FORWARD VOLTAGE 
VS FORWARD CURRENT 



I^A 


100MA 1mA 10mA 

Ip - FORWARD CURRENT 



Vp - FORWARD VOLTAGE 
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TOTAL CAPACITANCE (pF) Rp- PARALLEL RESISTANCE (n) 


■■■■■■Ml — ■■■■■111 — 

iHnilllllHHIIIIIIIHiMIIIIIIHiaillllll 

SSSS!SiMSSSSSSS«!«iiSSSSSSiS!aSSSSSSS!ttt 

S5SS«i«t 

■■■■HI — ■■■mi — ■■■im 



■■■■■ If 

llllllll 

llllll'l 

lllllll 

IIIIII1 

■II 

■1 

ISBSliS? 

iiil 


liiiligi 

IBs 

Sii 

SaiesSs 

I^^SSSmmmn 

iBBBBHiaBBaa ail 
IIHMHMI ■! 


SBBSiin 

IBBIH 

a a 

n !SS8m!! 

■■iinu 

ami 


w 

in 

■11 

■■1 

SSi 

ass 

BBS 

aSil 

jS I^^SSSSSSSn 

■■BHi 

!■■■ 8 

HfiHBiysi 


1/ J : Tim 


iHiiiiimiiiiiiimiiiiiii 





H 

H 


1 2 5 10 20 50 100 200 500 1000 

Vr— REVERSE BIAS VOLTAGE (V) 


POWER RATING AXIAL LEADE 



iBiiiSi 


3/4" (19.05nnm) 









UM4300 UM7300 


UM4300/UM7300 
POWER RATING 

STUD MOUNTED DIODES NORMALIZED R 3 VS TEMPERATURE 



oi I 1 I I I I 

0 25 50 75 100 125 150 175 


STUD TEMPERATURE (°C) 


PULSE THERMAL IMPEDANCE VS PULSE WIDTH 



10-" 10-* 10-- 10-^ 10-^ 10-' 1 

PULSE WIDTH (sec) 



-60 -40 -20 0 +20 +40 +60 +80 +100 +120 

Temperature (®C) 


ORDERING INSTRUCTIONS 


Part numbers of Unitrode PIN Diodes consist of the 
letters UM followed by four digits and one or two letters. 
The first two digits indicate the diode series, the next 
two digits specify the minimum breakdown voltage in 
hundreds of volts. The remaining letters denote the 
package style. Reverse polarity (anode on stud end) is 
available in C or D Styles and denoted by adding second 
letter R. 

For Example: l ^i7)3|0liC| 

I Series 7300 1 llOOvoltsI I Style C I 

Reverse polarity available in C style. Part number 
designated by adding R. 
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UM4300 UM7300 


MECHANICAL SPECIFICATIONS 

UM4300 SERIES 


Dimensions — English/Metric 


STYLE A 


STYLE B 


.171 

.155 



^(3.94) 

T 



(3.30) DIA MAX. • 

0 

bJ 



1 

- H 


BLACK 

CATHODE DOT 



.041 

.039 

(1.04) 

L99) 

DIA 


YELLOW CATHODE BAND 


a 


.130 

(3.30) DIA MAX 
.092 DIA MAX 
(2.34) 


T 1 

.975 ^ 


(24.8) 


MIN ' 



TYP. 


STYLE C 
STUD 


STYLE D 

INSULATED STUD 




STYLE E 
RIBBON LEADS 
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UM4300 UM7300 

MECHANICAL SPECIFICATIONS (continued) 

UM7300 Series 

Dimensions — Engiish/Metric 


STYLE A 


STYLE B 


STYLE C 
STUD 


.125 



STYLE D 

100 INSULATED STUD 

• 096 , .043 
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PIN DIODE 


UM6000 SERIES 
UM6200 SERIES 
UM6600 SERIES 


Features 

• Capacitance specified as low as 0.4 pF (UM6600) 

• Resistance specified as low as 0.4Q (UM6200) 

• Voltage ratings to 1000V 

• Power dissipation to 6W 


Description 

These series of PIN diodes are designed 
for applications requiring small package size 
and moderate average power handling capa- 
bility. The low capacitance of the UM6000 
and UM6600 allows them to be used as series 
switching elements to 1 GHz. The low resis- 
tance of the UM6200 is useful in applications 
where forward bias current must be mini- 
mized. 

Because of its thick l-region width and 
long lifetime the UM6000 and UM6600 have 
been used in distortion sensitive and high 
peak power applications, including receiver 
protectors, TACAN, and IFF equipment. Their 
low capacitance allows them to be useful as 
attenuator diodes at frequencies greater 
than 1 GHz. The UM6200 has been used suc- 


cessfully in switches in which low insertion 
loss at low bias current is required. 

The “A” style package for this series is the 
smallest Unitrode PIN diode package. It has 
been used successfully in many microwave 
applications using coaxial, microstrip, and 
stripline techniques at frequencies beyond 
X-Band. The “B” and “E” style, leaded pack- 
ages offer the highest available power dissi- 
pation for a package this small. They have 
been used extensively as series switch ele- 
ments in microstrip circuits. The “C” style 
package duplicates the physical outline 
available in conventional ceramic-metal 
packages but incorporates the many reliabil- 
ity advantages of the Unitrode construction. 


MAXIMUM RATINGS 

Average Power Dissipation and Thermai Resistance Ratings 


Package 

Condition 

UM6000 

UM6200 

UM6600 


Pd 

0 

Pd 

0 

A&C 

B&E (Axial Leads) 

B&E (Axial Leads) 

25 ®C Pin Temperature 
’A in. Total Lead Length to 
(12.7 mm) to 25 °C Contact 

Free Air 


25°C/W 

eo'C/w 

4W 

2.0W 

0.5W 

37.5 “C/W 
75°C/W 

Peak Power Dissipation Rating 

All Packages 

1 f4S Pulse (Single) 
at 25 “C Ambient 

UM6000 

UM6200 

- 25 KW 

- 10 KW 

UM6600 

- 13 KW 


Operating and Storage Temperature Range: -65°C to -(- 175°C 


UNITRODE 
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UM6000 UM6200 UM6600 


Voltage Ratings (25 °C) 


Reverse Voltage 
(V„) - Volts 

(Ir = 10 mA) 


1 

2 

4 

6 


I 

i 


Types 

UM6001 

UM6201 

UM6601 

UM6002 

UM6202 

UM6602 

— 

UM6204 

— 

UM6006 

— 

UM6606 

UM6010 

— 

UM6610 



Electrical Specifications (25 '’C) 


Test 

Symbol 

UM6600 

UM6000 

UM6200 

Conditions 

Total Capacitance (Max) 

Ct 

0.4 pF 

0.5 pF 

1.1 pF 

OV, 1 GHz 

Series Resistance (Max) 

Rs 

2.5Q 

1.7Q 

0.4Q 

100 mA, 1 GHz 

Parallel Resistance (Min) 

Rp 

10 KQ 

15 KQ 

10 KQ 

100V, 1 GHz 

Carrier Lifetime (Min) 

T 

1.0 f4S 

1.0 fxs 

0.6 fxs 

Ip = 10 mA 

Reverse Current (Max) 

Ir 

10 mA 

10 mA 

10 /iA 

Vr = Rating 

l-Reglon Width (Min) 

W 

150 fim 

150 fiiTi 

40 ptm 

— 


■■■iii.'.VMaaaaiiiM 

i■l^flllllKSII|lllll 



1fiA 'O/iA lOO^A IMA 

FORWARD CURRENT 


0.4 0.6 0.8 1.0 
- FORWARD VOLTAGE (V) 


UNITRODE CORPORATION • 5 FORBES ROAD 
LEXINGTON, MA 02173 • TEL. (617) 861-6540 
TWX (710) 326-6509 • TELEX 95-1064 























UM6000 UM6200 UM6600 


TYPICAL Rp VS VOLTAGE & FREQUENCY 



1 10 100 1000 


Vp - REVERSE VOLTAGE (V) 


UM6200 



TYPICAL CAPACITANCE VS VOLTAGE AND FREQUENCY 



1 2 5 10 20 50 100 200 500 

Vr — REVERSE VOLTAGE (V) 


ORDERING INSTRUCTIONS 


Part numbers of Unitrode PIN diodes consist of the letters 
UM followed by four digits and one or two letters. The first 
two digits indicate the diode series, the next two digits 
specify the minimum breakdown voltage in hundreds of 
volts. The remaining letters denote the package style. 
Reverse polarity (anode large end cap) is available for 
the C style and denoted by adding second letter R. 


For Example: 
j Series 6000 1 


UM|60|06|CR 
I 600 Volts I 




Style C| Reverse Polarity| 



1 2 5 10 20 50 100 

Vp — REVERSE VOLTAGE (V) 


UM6600 SERIES 
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UM6000 UM6200 UM6600 


POWER RATING - AXIAL LEADER DIODE 


UM6000/UM6200 



0 25 50 75 100 125 150 175 

- LEAD TEMPERATURE (°C) 


UM6600 



Tl - lead temperature (°C) 


q; 

UJ 

IS 

Si 

LU ^ 
> </) 
< i/i 



-50 -25 0 25 50 75 100 125 150 175 

TEMPERATURE rC) (of one metal pin) 


PULSE THERMAL IMPEDANCE VS PULSE WIDTH 


o 


UJ 

o 

z 

< 

Q 


< 

a: 

UJ 

X 


Ui 

CO 

>J 

D 

0. 


0^ 


100 
50 

20 
10 
5 

2 
1 
.5 
.2 
.1 
.05 

.02 
.01 

10-6 10-5 10-4 10-3 10-2 10-1 1 

PULSE WIDTH (SEC) 
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UM6000 UM6200 UM6600 


MECHANICAL SPECIFICATIONS 


STYLE A 


008 (.20) MIN. 
TO GLASS 


.070 (1.78) 1_ (.80) 

(. 75 ) 

MAX. 


BLACK 

CATHODE DOT 



STYLE C 
CARTRIDGE 


STYLE E 
RIBBON LEADS 


-<24.8) 1 1 (24^8) 1 

MIN. T T 


.064 (1 63) — 
.060 (1.52) — 

D IA. 

.125 (3.18) 
.115 (3.92) 

DIA. 


(1.65) .064 
(1.52) .060 


(2.13) .084 
(1.88) .074 


"[=IC= 

I .070 T 

i (1.78) 

(1.27) X (.23) dIA. ' 

(1.02) ^(.IS)^"^*" max. 

.050 .009 

.040 .007 


YELLOW 
CATHODE MARK 
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PIN DIODE 


UM7000 SERIES 
UM7100 SERIES 
UM7200 SERIES 


Features 

• Voltage ratings to 1000V (UM7000) 

• Wide variety of package styles 

• Rated average power dissipation to 10W 

• Cost effective in volume applications 

Description 

The UM7000 and UM7100 series offer mod- 
erately high power handling in combination 
with reasonably low levels of both series 
resistance and capacitance. The UM7200 
series offers the lowest series resistance, 
but the highest capacitance of the group. 
The differences in specified performance, for 


each of the series, results from different 
l-region thicknesses. The three series have 
broad applicability in many RF and micro- 
wave switch and attenuator circuits. Addi- 
tionally, the UM7100 in leaded versions, is 
usually the most cost-effective diode choice 
in high volume usage. 


MAXIMUM RATINGS 

Average Power Dissipation and Thermal Resistance Ratings 


Package 

Condition 

Pd 

0 

A 

25 "C Pin Temperature 

low 

15X/W 

B&E (Axial Leads) 

Vz in.(12.7mm) Lead Length to 

25 °C Contact 

5.5W 

27.5 X/W 

B&E (Axial Leads) 

Free Air 

1.5W 

— 

C (Studded) 

25 X Stud Temperature 

10W 

15 X/W 

D (Insulated Stud) 

25 X Stud Temperature 

7.5W 

20 X/W 


Peak Power Dissipation Rating 


All Packages 

1 f4S Pulse (Single) 

UM7000 - 60 KW 


at 25 X Ambient 

UM7100 - 35 KW 
UM7200 - 20 KW 


Operating and Storage Temperature Range: -65°C to -i- 175°C 



UNITRODE 
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UM7000UM7100UM7200 


Voltage Ratings (25 '’C) 


Reverse Voltage 
(V„) - Volts 

(Ir = 10 mA) 

Types 

100 V 

UM7001 

UM7101 

UM7201 

200V 

UM7002 

UM7102 

UM7202 

400V 

— 

UM7104 

UM7204 

600V 

UM7006 

— 

— 

800V 

— 

UM7108 

— 

1000V 

UM7010 

— 

— 


Electrical Specifications (25 ^C) 


Test 

Symbol 

UM7000 

UM7100 

UM7200 

Conditions 

Total Capacitance (Max) 

Ct 

0.9 pF 

1.2 pF 

2.2 pF 

OV, 1 GHz 

Series Resistance (Max) 

Rs 

1.0Q 

0.6Q 

0.25Q 

100 mA, 1 GHz 

Parallel Resistance (Min) 

Rp 

10 KQ 

8 KQ 

7 KQ 

100V, 1 GHz 

Carrier Lifetime (Min) 

T 

2.5 lus 

2.0 ^iS 

1.5 iaS 

Ip = 10 mA 

Reverse Current (Max) 

Ir 

10 mA 

10 nA 

10 /iA 

Vp = Rating 

1-Region Width (Min) 

W 

150 

80 fiPn 

40 fAfn 

— 


TYPICAL FORWARD RESISTANCE 
VS FORWARD CURRENT 
(F = 100 MHz) 


TYPICAL DC CHARACTERISTIC 
FORWARD VOLTAGE 
VS FORWARD CURRENT 
UM7000/UM7100/UM7200 
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PARALLEL RESISTANCE (n) R — PARALLEL RESISTANCE (S2) r -PARALLEL RESISTANCE (S2) 


UM7000UM7100UM7200 


TYPICAL Rp CHARACTERISTIC 
UM 7000 SERIES 



TYPICAL Ct CHARACTERISTIC 
UM 7000 SERIES 





lllllli 

nn iis 


llllll 

S9I!I 






r 100 MHz 

n*" 

0.5 GHz 

1.0 GHz 



3.0 GHz 





lOV lOOV lOOOV 

REVERSE VOLTAGE 


INI 


Vr - REVERSE VOLTAGE (V) 
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- MAX POWER DISSIPATION (W) 


UM7000 UM7100 UM7200 


POWER RATING STUD MOUNTED DIODES 


POWER RATING - AXIAL LEADED DIODES 


12 

10 

8 

6 

4 

o? 2 

0 

0 2S 50 75 100 125 150 175 

STUD TEMPERATURE (°C) 

0 25 50 75 100 125 150 175 

Tl - LEAD TEMPERATURE (°C;) 



low 








\ 

"C 

PACK 

AGE 






s. 




"D" P, 

ACKAGE 

N 










X 






1 




PULSE THERMAL IMPEDANCE VS PULSE WIDTH 



PULSE WIDTH (SEC) 


ORDERING INSTRUCTIONS 


Part numbers of Unitrode PIN Diodes consist of the 
letters UM followed by four digits and one or two letters. 
The first two digits indicate the diode series, the next 
two digits specify the minimum breakdown voltage in 
hundreds of volts. The remaining letters denote the 
package style. Reverse polarity (anode on stud end) is 
available in C or D Styles and denoted by adding second 
letter R. 

For Example: b^llcl 

[Series 7000^ |l00 volts) | Style c| 
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UM7000 UM7100 UM7200 


MECHANICAL SPECIFICATIONS 

Dimensions — English/Metric 


STYLE A 


STYLE B 


125 



MAX. 


STYLE C STYLE D 

STUD INSULATED STUD 



CATHODE 
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PIN DIODE 


UM9301 SERIES 


COMMERCIAL ATTENUATOR DIODE 


Features 

• Specified iow distortion 

• Low rectification properties at iow reverse 

• Resistance specified at 3 current points 

• High reiiabiiity fused-in-giass construction 

Description 

The UM9301 PIN Diode utilizes a special 
overall chip geometry with an extremely 
thick intrinsic “I” region, to offer unique 
capabilities in both RF switch and attenuator 
applications. Volume production also makes 
the diode an economical choice suitable for 
many commercial low power equipments. 

The UM9301 has been designed for use in 
bridged TEE attenuator circuits commonly 


bias 


utilized for gain and slope control in CATV 
amplifiers. Low distortion and high dynamic 
range are characteristic of the diodes’ 
outstanding performance. 

The UM9301 is also appropriate for switch 
applications, when little or no bias voltage is 
available. Frequent applications occur in 
portable 12 volt-powered communications 
equipments, operating at frequencies as low 
as 2 MHz. 


MAXIMUM RATINGS 


Reverse Voltage 
(Vr) - Volts 
(Ir = 10 jLiA) 

75V 


Average Power Dissipation @ (Pr) 

Leads Vz in. overall to 25*0 Contact 

1.0W (Derate linearly to 175 °C) 


Operating and Storage Temperature Range 

-65‘’Cto -i-175'’C 
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Diode Resistance (Ohms) 


UM9301 


Electrical Specifications (25 '’C) 


Test 

Min 

Typ 

Max 

Units 

Conditions 

Diode Resistance Rs 


1.7 

3.0 

Q 

1 = 100 mA, f = 100 MHz 



80 

150 

Q 

1 = 1 mA, f = 100 MHz 


3000 

5000 


Q 

1 = 0.01 mA, f = 100 MHz 

Current for Rg = 75Q 

0.5 

1.1 

2.0 

mA 

f = 100 MHz 

Capacitance 



0.8 

PF 

V = OV, f = 100 MHz 

Return Loss 

25 



dB 

Frequency Range: 10 - 300MHz 

Rs = 75Q @ 100 MHz 

Diode Terminates 75Q line 

Second Order Distortion 


55 

50 

-dB 

fi = 10 MHz, f 2 = 13 MHz 

P = 50 dBmV, See Test Circuit 



70 


-dB 

F, = 67 MHz, F 2 = 77 MHz 

P = 50 dBmV, See Test Circuit 

Third Order Distortion 


75 

65 

-dB 

Fi = 10 MHz, F 2 = 13 MHz 

P = 50 dBmV, See Test Circuit 



95 


-dB 

Triple Beat; 205 + 67 - 77 MHz 

P = 50 dBmV, See Test Circuit 

Cross Modulation 
Distortion 




-dB 

12 Channel Test 

P = 50 dBmV, See Test Circuit 

Dix Hills Test Set 

Reverse Current 



10 

pA 

V = 75V 

Carrier Lifetime 

4.0 



f4S 

1 = 10 mA 


DIODE RESISTANCE 
VS DIODE CURRENT 
(TYPICAL) 


FORWARD CURRENT VS 
FORWARD VOLTAGE 
(TYPICAL) 



.01 .1 1 10 100 
Diode Current (mA) 



.5 .6 .7 .8 .9 1.0 1.1 


Forward Voltage (Volts) 
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UM9301 


NORMALIZED Rs VS TEMPERATURE 



TEST CIRCUIT FOR DISTORTION 
MEASUREMENTS 


D.U.T. 



Note: Diode Current adjusted 
for lOdB Attenuation 


TYPICAL BRIDGED TEE ATTENUATOR PERFORMANCE 


DIODE CURRENT 
VS ATTENUATION UM9301 


DISTORTION 

ATTENUATION 
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MECHANICAL SPECIFICATIONS 


.090" 

2.29mm 

MAX. 


.975" 

24.8mm 

MIN. 


250” 

6 35mm 
MAX. 


iD 




CATHODE 

BAND 


.975" 

24.8mm. 

MIN. 


.029” 

I 


DIA. 


.74mm 

.68mm 
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PIN DIODE 


COMMERCIAL TWO-WAY RADIO 
ANTENNA SWITCH DIODES 

Features 

• Specified low distortion 

• Unitrode ruggedness and reliability 

• Low bias current requirements 

• Priced for high quantity applications 

Description: 

Unitrode offers a series of PIN diodes spe- 
cifically designed and characterized for solid 
state antenna switches in commercial two- 
way radios. Antenna switches using the 
UM9401 and UM9415 series PIN diodes pro- 
vide high isolation, low loss and low distor- 
tion characteristics formerly possible only 
with electromechanical relay type switches. 

The UM9401 and UM9402 diodes can 
handle above 100W of transmitter power, 


UM9401 SERIES 
UM9402 SERIES 
UM9415 SERIES 


while the UM9415 will handle over 1000W. 
The extensive characterization of these PIN 
diodes in antenna switch applications has 
resulted in guaranteed low distortion specifi- 
cations under transmit and receive 
conditions. These diodes also feature low 
forward bias resistance and high zero bias 
impedance which are required for low loss, 
high isolation and wide bandwidth antenna 
switch performance. 


MAXIMUM RATINGS 


UM9401 

UM9402 

UM9415 

50V 

50V 

50V 


Reverse Voltage 
(Vr) - Volts 
(U = 10 mA) 


Average Power Dissipation (Pa) 




Leads - V 2 in. Overall to 25 °C 

5.5W 

— 

10W 

Heat Sink 




25 ®C (Package Flange) Temperature 

— 

10W 

— 

Free Air 

1.5W 


2.5W 


Operating and Storage Temperature Range 


-65*Cto -HZS'C 
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CAPACITANCE ( F) Rg - FORWARD RESISTANCE (S2) 


UM9401 UM9402 UM9415 


Electrical Specifications (at 25 X) 


Test 


UM9401/UM9402 

UM9415 

Units 

Conditions 


OS 

Max 



Max 

Series Resistance 

mQii 

■ 

0.75 

1.0 

■ 



Q 

f = lOOMHz typical 

1 = 50 mA 

Diode Capacitance 

Ct 


B 

1.5 



4 

pF 


Parallel Resistance 

Rp 







Q 

f = 100 MHz 

V = OV 

Carrier Lifetime 

T 

1.0 

lag 





K3I 

1 = 10 mA 

Transmit Harmonic Distortion 

R2A, 

A A 

■ 


80 

■ 

■ 

80 

~dB 


Receive Third Order Distortion 

R2AB 

A 

■ 

1 


1 

■ 

60 

-dB 

P,N = 10 mW, OV Bias 
fA = 50 MHz, fe = 51 MHz 

Reverse Leakage Current 

ip 



10 



10 


V = 50V 

Forward Voltage 

Vp 



1.0 



1.0 

B 

Ip = 50 mA 


TYPICAL FORWARD RESISTANCE 
VS 

FORWARD CURRENT 
(F = 100 MHz) 



Ip - FORWARD CURRENT 



0 02 04 06 08 1 0 


Vp - FORWARD VOLTAGE (V) 


TYPICAL Rp CHARACTERISTICS 



TYPICAL CAPACITANCE CHARACTERISTIC 
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II 

UM9415 




L 
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II 
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II 
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II 


^Vr=0V 
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FREQUENCY 
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Maximum Transmitter Power (W) 











UM9401 UM9402 UM9415 


Maximum Transmitter Power 

The maximum CW transmitter power, 
Pumax). a PIN diode antenna switch can han- 
dle depends on the diode resistance, Rs, 
power dissipation, Pd, antenna SWR, o, and 
nominal impedance, Zq. The expression 
relating these parameters is as follows: 

PT(„ax, = ) * [Watts] 

Characteristic curves are shown in the 
data section which give both the maximum 
and typical diode resistance, Rs as a 
function of forward current. The maximum 
power dissipation rating of the PIN diode 
depends both on the length of the diode 
leads and the temperature of the contacts to 
which the leads are connedted. A graph 
defining the maximum power dissipation at 
various combinations of overall lead length 
(L) and lead temperature (TJ is given in the 
data section. From these curves and the 
above equation, the power handling 
capability of the PIN diode may be computed 
for a specific application. 

Curves are also presented which show the 
maximum transmitter power that an antenna 


switch using UM9401S and UM9415s can 
safely handle for various forward currents 
and lead temperatures. These curves are 
based on a typical design condition of a Vz 
in. total overall lead length, 50Q line 
impedance and a totally mismatched 
antenna (o = <»). For the case of a perfectly 
matched antenna, the maximum transmitter 
power can be increased by a factor of 4. 

Design Information 

A circuit configuration for a two-way radio 
antenna switch using PIN diodes consists of 
a diode placed in series with the transmitter 
and a shunt diode placed a quarter wave- 
length from the antenna in the direction of 
the receiver as shown. For low frequency 
operation, the quarter wave line may be 
simulated by lumped elements. Typical per- 
formance of antenna switches using PIN 
diodes forward biased at 100 mA is less than 
0.2 dB insertion loss and 30 dB isolation 
during transmit; at zero bias the receive 
insertion loss is less than 0.3 dB. This perfor- 
mance is achievable across a ±20% band- 
width at center frequencies ranging from 10 
to 500 MHz. 
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^ n 



UM9415 


.041 (1.04) 
.039 (.99) 



.97b 

^ Min. 

(24.8) 


Dimensions: inches (millimeters) 


UM9401 UM9402UM9415 




12 


12-37 







PIN RADIATION DETECTORS 


UM9441 


Features 

• High Photocurrent Sensitivity 

• High Reiiabiiity Construction 

• Fast Rise Time 

• Wide Dynamic Range 

;• Hardness to Neutron Bombardment 

• Low Operating Voitage 

Description 

Siiicon PIN devices are effective detectors 
of nuclear and electromagnetic radiation. 
This includes gamma radiation, electrons, 
and X-rays. The detectbrs can be used 
across the temperature range of -55°C to 
-I- 175°C instead of being restricted to use at 
low temperatures. 

The absorbed radiation produces electron- 
hole pairs in the space charge region. These 
charges are swept out by the applied field 
and result in a current flow proportional to 
the rate of absorbed radiation. 

The Unitrode UM9441 series utilizes high 
resistivity material and is designed to have a 
uniform area mesa structure to define the 
active volume. The current sensitivity of 

ABSOLUTE MAXIMUM RATINGS 


Reverse Voltage 100V 

Photocurrent 1A 


Storage Temperature . . . -55°C to -t-200°C 
Operating Temperature . -55°C to -^175‘’C 


these devices is proportional only to the 
l-region volume and is independent of tem- 
perature so long as applied voltage exceeds 
the saturation voltage. This structure also 
minimizes the effects of permanent damage 
caused by neutrons and other high energy 
radiation. Experiments on devices of the 
UM9441 design show no degradation in 
gamma sensitivity resulting from a total 
dose of 10’^ neutrons/cm* of 1 MeV 
equivalent. 

Package 

The UM9441 is an axially leaded device 
constructed by metallurgically bonding the 
PIN chip in between two molybdenum refrac- 
tory pins that are typically 0.125 inches in 
diameter and 0.050 inches long. Hyper-pure 
glass is then fused over this bond to form a 
voidless seal. Leads are then brazed to ends 
of molybdenum pins. This results in a high- 
reliability package using materials so well 
thermally matched that the UM9441 can 
withstand temperature shock or cycling from 
-lOe'C to +300°C. 


MECHANICAL SPECIFICATIONS 


UM9441 


- YELLOW CATHODE BAND 
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Electrical Specifications (at 25 ®C) 


UM9441 


Test 

Min 

Typ 

Max. 

Units 

Test Conditions 

Photocurrent 

4.0 

6.0 


mA 

Vr = 50V 

rads (Si) 

io« 

sec. 

2.5 MeV Flash X-Ray 
Ion Physics Corp. 
FX-25 

Photocurrent Rise Time 
(10%-90%) 


10 


ns 

Capacitance 


10 

15 

PF 

F = 1 MHz, V = 50V 

Reverse Current 



1.0 

fiA 

Vr = 50V 

Minority Carrier Lifetime 

2.0 



pS 

If = 10mA 


TYPICAL PHOTOCURRENT SENSITIVITY 
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TYPICAL VOLTAGE SENSITIVITY 


< 
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3 

O 

o 
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JO 
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0 25 50 75 100 

PIN Reverse Voltage (V) 


RELIABILITY 

The UM9441 is consistent with Unitrode’s 
reputation as a manufacturer of high reliabil- 
ity semiconductors. Unitrode is equipped to 
perform JAN type testing, base-lining and 
documental conformance to a wide range of 
reliability testing. This commitment to 
reliability has enabled Unitrode to be a 
qualified supplier of semiconductor devices 
to many high-reliability programs such as: 
APOLLO MINUTEMAN 

DRAGON SPRINT 

HAWK TRIDENT 

MARINER VIKING 
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PIN DIODE 

For Microstrip 900MHz Antenna Switches 
and Microwave Applications 


UM9601-UM9608 


Features 

• Low Inductance Shunt Mount Package 

• Characterized for Microstrip 

• Unitrode Ruggedness and Reliability 

• High Power Handiing Capability 

• Low Bias Current Requirement 

• Excellent Distortion Properties 

• Cost Effective in High Quantity Applications 


Description 

The UM9601-UM9608 series of PIN diodes was 
developed for shunt mount applications in 
microstrip circuits. Good switch performance is 
demonstrated at frequencies from UHF to 4GHz 
and higher. This performance is achieved using 
discrete low inductance Unitrode PIN diodes 
assembled with special hardware to permit good 
electrical and mechanical compatibility with 
microstrip transmission lines. 

Design information is presented for prepara- 
tion of microstrip circuit boards to accommodate 
these PIN diodes. A detailed design fora900MHz 
quarter-wave antenna switch is given. This 
switch which empioys a low cost UM9401 axial 
leaded PIN diode in conjunction with a UM9601, 
performs with 30dB receiver isolation over a 
100MHz bandwidth and with transmitter 
insertion loss of less than 0.4dB. This switch can 
safely handle transmitter power levels up to 100 
watts at infinite antenna SWR. 


The Unitrode UM9601 series PIN diodes are 
constructed using a fused-in-glass process 
which results in a highly reliable, hermetic 
package. The process utilizes symmetrical, full 
faced metallurgical bonds to both surfaces of the 
silicon chip. This construction greatly minimizes 
the normal parasitic inductance and capacitance 
found in conventional glass or ceramic packaged 
diodes which employ straps, springs or whiskers. 

The use of discrete UM9601-UM9608 diodes 
greatly minimizes handling problems commonly 
associated with passivated PIN diode chips while 
maintaining good microwave performance. In 
addition the power handling capibility of the 
UM9601-UM9608 series is considerably higher 
than PIN diode chips can provide. 

Environmentally, the UM9601-UM9608 series 
PIN diodes can withstand thermal cycling from 
-195'’C to +300° C and exceed all military 
environmental specification for shock, vibration, 
acceleration, and moisture resistance. 


Typical Microwave Performance 



UM9601-UM9604 



UM9605-UM9608 




SPST 

SPST 

SPNT* 

SPST 

SPST 

SPNT* 


Insertion Loss 

Isolation 

Isolation 

Insertion Loss 

Isolation 

Isolation 

Frequency 

0 Bias 

100mA 

100mA 

0 Bias 

100mA 

100mA 

GHz 

dB 

dB 

dB 

dB 

dB 

dB 

0.5 



36 

0.20 

25 

31 

1.0 



32 

0.20 

22 

28 

1.5 



28 

0.20 

20 

26 

2.0 

0.50 

18 

24 

0.25 

17 

22 

3.0 

1.00 

15 

21 

0.25 

15 

21 

4.0 

1.50 

13 

19 

0.40 

14 

20 


Performance based on SPST Measurements 
In 0.025" (.635mm) Microstrip Test Circuit. 

Note: All dimensions in inches and (millimeters). 
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UM9601-UM9608 


Maximum Ratings 



UM9601 

- UM9604 

UM9605 - UM9608 


Pd 

8 

Pd 

6 

Flange at 25° C 

7.5W 

20°C/W 

4W 

37.5° C/W 

Free Air 

1.5W 

— 

0.5W 

— 


Peak Power 



1/yS Single Pulse 
at 25° C Ambient 

25KW 

10KW 


Operating and 
Storage Temperature 


-65° C to +175°C 


Reverse Voltage 


Ratings @ 10/uA 


100 V 

400V 

UM9601 

UM9603 

UM9605 

UM9607 

UM9602 

UM9604 

UM9606 

UM9608 


Electrical Specifications (at 25° C) 


Test 

Symbol 

UM9601-UM9604 

UM9605-UM9608 

Units 

Condition 

Min 

Typ 

Max 

Min 

Typ 

Max 

Series 

Resistance 

Rs 

— 

0.4 

0.6 

— 

1.5 

1.7 

n 

1 = 100mA 

F = 1GHz 

Parallel 

Resistance 

Rp 

5K 

— 

— 

7K 

— 

— 

n 

Zero Bias 
F=1GHz 

Total 

Capacitance 

Ct 

— 

— 

1.2 

— 

— 

0.5 

PF 

Zero Bias 
F=1GHz 

Carrier 

Lifetime 

T 

2.0 

— 

— 

1.0 

— 

— 

/iS 

If = 10mA 

Forward 

Voltage 

Vf 

— 

0.85 

— 

— 

0.95 

— 

V 

If = 100mA 

1-Region 

Width 

W 

80 

— 

— 

150 

— 

— 

//m 
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UM9601-UM9608 


Typical Series Resistance 
vs Forward Current (F = 100MHz) 



10/iA lOO/zA 1mA 10mA 100mA 1A 
FORWARD CURRENT 


Typical Rp vs Voltage and Frequency 
UM9601 - UM9604 



Typical Rp vs Voltage and Frequency 
UM9605 - UM9608 



Power Rating 
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Pulse Thermal Impedance 



12-42 PRINTED IN U S.A 





UM9601-UM9608 



Selection Guide 

The following chart serves as a general 
guide for indicating the most likely diode from 
the series for a given application. 


Applications 

Recommended Types 

1. High isolation switches to 2GHz at low dc drive 

2. Quarter-wave antenna switches to 100 watts. 

3. Priced for high volume commercial applications. 

UM9601 (Affixes to microstrip 
ground plane.) 

UM9603 (Affixes to microstrip 
backing plate.) 

High voltage rating version of UM9601 and UM9603 
respectively for peak power handling to 3KW. 

UM9602, UM9604 

1. Low insertion loss switches to 4GHz. 

2. Low distortion antenuator applications. 

UM9605 (Affixes to microstrip 
ground plane.) 

UM9607 (Affixes to microstrip 
backing plate.) 

High voltage version of UM9605 and UM9607 
for peak power handling to 10KW. 

UM9606, UM9608 


UNITRODE CORPORATION • 5 FORBES ROAD 
LEXINGTON. MA 02173 • TEL. (617) 861-6540 
TWX (710) 326-6509 • TELEX 95-1064 


12-43 


PRINTED IN US A 





UM9601-UM9608 


Microwave Characterization 

The UM9601-UM9608 series has been 
designed and characterized as shunt switch 
elements at frequencies to 4GHz in microstrip 
circuits. Performance curves are given which 
demonstrate switch performance in 0.025" 
(.635mm) alumina microstrip. 

The performance data were derived by 
evaluating externally biased microstrip 
circuits in which a UM9601 diode was installed. 
Each circuit consisted of a 1 inch length of 50 
ohm nominal impedance 0.025" (.635mm) 
thick alumina microstrip and two SMA 
connectors. The data shown include the board 
and connector loss. Measurements performed 
using 0.050" (1.27mm) alumina substrates 
show similar performance at frequencies to 
1.5GHz. 


These circuits simulate simple SPST 
switches. Many designs require multithrow 
switches. It is important to recognize that a 
multithrow switch will have 6dB higher 
isolation than indicated for SPST switches. 
Also, a multithrow switch using shunt mounted 
PIN diodes require the diodes be placed a 
quarter-wavelength from the common port. 

A further improvement in switch perform- 
ance may be achieved by using 2 shunt PIN 
diodes in each arm spaced a quarter-wave- 
length from each other. In this case the 
isolation of each section will be twice the dB 
value of a SPST switch. The insertion loss due 
to the diodes should be less than twice the 
insertion loss of an SPST section due to the 
transforming effect of the quarter-wave line on 
the capacitance of a single diode. 


Bias Supply 
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INSERTION LOSS (dB) 


UM9601-UM9608 


Typical Insertion Loss vs Frequency 
0.025" (0.635mm) Alumina Microstrip SPST Switch 
Diode at Zero Bias 



Isolation vs Frequency and Diode Current 
0.025" (0.635mm) Alumina Microstrip SPST Switch 

28 
26 
24 
22 

§ 20 


< 16 
_j 


12 
10 
8 
6 

10 20 50 100 200 



Typical Isolation vs Frequency 
0.025" (0.635mm) Alumina Microstrip SPST Switch 
Diode Current = 100mA 



DIODE CURRENT (mA) 
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UM9601-UM9608 


Installation in Microstrip 

The cup type flange on the UM9601, 
UM9602, UM9605 and UM9606 is designed to 
be affixed to the ground plane surface of a 
microstrip board as shown. The UM9603, 
UM9604, UM9607 and UM9608 were designed 
to be affixed to a backing plate as shown. It was 
experimentally determined that at frequencies 
greater than 2GHz the anode of the diode 
should be approximately 0.010" {.254mm) 
above the top surface of the microstrip for 
lowest insertion loss. 


UM9601/UM9602 Microstrip Mount 

UM960S/UM9606 



Design Example - 900MHz Antenna Switch 

An example of a practical circuit design 
using a UM9601 diode is a quarter-wave 
antenna switch covering the frequency of 800- 
900MHz. The circuit design for this switch is 
shown and was constructed using 0.025" 
(0.645mm) alumina microstrip. 

This antenna switch uses a series mounted 
diode and a shunt mounted diode. The 
UM9601 was selected for the shunt mounted 
device (SPST performance at 1GHz: 0.2dB 
insertion loss and 25dB isolation) and because 
it is the lowest cost diode in the UM9601- 
UM9608 series. A UM9401 axial lead diode 
was chosen for the series mounted device. 

The performance of this switch is displayed 
in the graphs and in the following table. It 
should be noted that the loss values are actual 
measured numbers including losses due to the 
capacitors, bias networks, connectors as well 
as the board. In a typical radio application 
where the antenna switch circuit board is 
integrated in the same microstrip board that 
contains transmitter and receiver elements the 
connector loss is eliminated. This will result in 
lower overall insertion loss values than 
indicated here. 


For solder adhesion the microstrip may be 
heated to solder melting temperature (up to 
300° C) with no damage to the diode. 
Conductive epoxy may also be employed. The 
thermal resistance of solder mounted 
UM9601-UM9604 in their test boards was less 
than 20° C/W; for the UM9605-UM9608 thermal 
resistance was less than 30° C/W. 


UM9603/UM9604 Microstrip Mount 



The CW power handling capacity is 
determined by the allowable power dissipation 
of the series mounted UM9401 . Using a gap in 
the line of 0.190" (4.82mm) and lead soldered 
attached spacing of 0.250" (0.635mm) the 
power rating of the UM9401 is 6 watts at a 25° C 
ambient. This was determined by performing a 
thermal resistance measurement on the circuit 
mounted UM9401. The relationship that 
derives the maximum transmitter power, Pt, is: 

= .p p jgi.. Zo l^iiY 

R® \ 2a J 

where a = maximum antenna SWR 

Using resistance values for the UM9401 and 
UM9601 the maximum transmitter power curve 
is given and shows that this circuit is able to 
handle 100 watts of transmitter power at 
100mA forward biased and totally mismatched 
antenna at an ambient temperature of 60° C. 
For a perfectly matched antenna the power 
handling increases to 400 watts under the 
same bias and ambient temperature 
conditions. 
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UM9601-UM9608 


Distortion is an important consideration in 
the selection of a PIN diode antenna switch 
design. The UM9401 and UM9601 PIN diodes 
are designed for low distortion applications. 
The level of distortion produced by this 900MHz 
antenna switch when operated in the transmit 


state (forward bias of 100mA) is expected to be 
at least 90dB below the carrier for a 50 watt 
transmitter level. In the receiver state (zero 
bias) the intermodulation distortion caused by 
two in-band signals at OdBm are estimated to 
be at least lOOdB below this level. 


Maximum Transmitter Power 
vs Forward Current for UM9601/UM9401 
900MHz Microstrip Antenna Switch 



25 50 75 100 125 150 175 

AMBIENT TEMPERATURE (°C) 


TX#- 


POWER SUPPLY 


SOOOpF I 

▼ 30pF 


30pF 

-HK- 




ANT 
It 30pF 


850MHz 

zo = 8on 


^/4 (a)850MH2 
Zo = 5on 


UM9401 


30pF 


-^Rx 


▼ UM9601 


Circuit Diagram 


Antenna Switch Performance 

Frequency Range 800-900MHz 

I. Transmit State 

(I = 100mA, Ta = 60°C) 

A. Maximum Transmitter Power - 100 watts 
(antenna SWR = 

B. Maximum Transmitter Power - 400 watts 
(antenna SWR = 1) 

C. Transmitter Insertion Loss - 0.4dB 

D. Receiver Isolation - 31dB 

E. Harmonic Distortion - -90dB 
(Pt = 100 watts) 


II. Receive State 
(Zero Bias) 

A. Receiver Insertion Loss - 0.6-0.7dB 

B. Intermodulation Distortion - -lOOdB 
Pin = OdBm 


UNITRODE CORPORATION • 5 FORBES ROAD 
LEXINGTON, MA 02173 • TEL. (617) 861-6540 
TWX (710) 326-6509 • TELEX 95-1064 


12-47 


PRINTED IN U S A 




UM9601-UM9608 



0 750 800 850 900 950 1000 


FREQUENCY (MHz) 


Receiver Isolation vs Frequency 



750 800 850 900 


950 1000 


FREQUENCY (MHz) 



Photograph of 800-900MHZ antenna switch test module using 
UM9401 and UM9601 PIN Diodes. In typical transceiver 
applications, the antenna switch circuit board is integrated. 
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UM9601-UM9608 


. 375 ” 



J3 



Assembly Drawing 


Parts List 


F1 

SOOOpF Feed through Filter 

Erie 1270-016 

C1-C4 

30pF Chip Capacitor 

Vitramon VJ0805A300KF 

D1 

PIN Diode 

Unitrode UM9401 

D2 

I 

PIN Diode 

Unitrode UM9601 

J1-J3 

SMA Connector 

Cablewave 971-028 


Substrate 

Vectronics Microwave 

79-9081-0401 
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PIN DIODE 

Low Resistance, Low Distortion, RF Switching Diode 


UM9701 


Features 

• Low Forward Resistance 

• High Reverse Resistance 

• Specified Low Distortion 

• High Voltage Capability 

• Good Power Handling 

• Unitrode Ruggedness and Reliability 

Description 

The UM9701 PIN diode was designed for low 
resistance at low forward bias current and low 
reverse bias capacitance. This unique 
Unitrode design results in both forward and 
reverse bias. 

These PIN diodes are characterized for low 
current drain RF and microwave switch appli- 
cations particularly for digital filter switch 
designs. The construction and geometry of 
these devices provide good voltage and power 
handling capability. 

Maximum Ratings 


These devices are constructed using a 
metallurgical full face bond to both surfaces of 
the silicon chip. A glass enclosure houses this 
bond in a reliable and hermetic package. The 
axial leads are attached to the refractory pins 
and do not touch the glass enclosure. 

Environmentally these, and all Unitrode PIN 
diodes, can withstand thermal cycling from 
-195°C to +300° C and exceed all military 
environmental specifications for shock, vibra- 
tion, acceleration, and moisture resistance. 


Reverse Voltage 

100V 

Average Power Dissipation Free Air at 25°C 

500mW (Derate linearly to 175°C) 

Average Power Dissipation 1 / 2 " Total 

Lead Length to 25° C Contacts 

2.5W (Derate linearly to 175°C) 

Operating and Storage Temperature 

-65°Cto +175°C 


Electrical Specifications 


Test 

Symbol 

UM9701 

Condition 

Series Resistance (MAX) 

Rs 

0.8Q 

F = 100MHz, 1 = 10mA 

Total Capacitance (MAX) 

Ct 

1.8pF 

F = 1MHz, 1 = 50V 

Parallel Resistance (MIN) 

Rp 

lOOkQ 

F = 100MHz, V = 50V 

Carrier Lifetime (MIN) 

T 

1.5/iS 

1 = 10mA 

Reverse Current (MAX) 

I R 

lO/rA 

V= 100V 

Forward Voltage (MAX) 

Vf 

0.8V 

1 = 10mA 

Forward Bias Third Order 

IM Distortion (MAX) 

R2ab 

a 

-90dB 

1 = 10mA 

Pa = Pb = +20dBm 

Fa = 43MHz, Fb = 44MHz 

Reverse Bias Third Order 

IM Distortion (MAX) 

R2ab 

a 

-90dB 

1 = 50V 

Pa = Pb = +20dBm 

Fa = 43MHz, Fb = 44MHz 


7/83 
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Ct - CAPACITANCE (pF) ^3 _ SERIES RESISTANCE (Q) 


UM9701 


Typical Series Resistance vs 
Forward Current (F = 100MHz) 



1.0 10 100 


FORWARD CURRENT (mA) 


Typical DC Characteristic 



0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 

FORWARD VOLTAGE (V) 


Typical Capacitance Characteristic 



0.1 0.2 0.5 1.0 2.0 5.0 10.0 20 50 100 

REVERSE VOLTAGE (V) 


Typical Parallel Resistance 
Characteristic 



0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 100 

REVERSE VOLTAGE (V) 
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DISTORTION BELOW CARRIER (dB) DISTORTION BELOW CARRIER (dB) 


UM9701 


Typical Forward Bias 
Intermodulation Distortion 
vs Nominal Carrier Frequency 
at 20dBm per Channel 



5 10 20 50 100 


NOMINAL CARRIER FREQUENCY (MHz) 


Typical Forward Bias 

Third Order / 2 ab 
Intermodulation Distortion Ir ~a~ 
vs Input Power per Channel 



0 10 20 30 40 


INPUT POWER PER CHANNEL (dBm) 


Typical Third Order / 2 ab 
Intermodulation Distortion \R IT 
vs Forward Bias Current 
at 20dBm per Channel 



5 10 20 50 100 


FORWARD CURRENT (mA) 


Typical Reverse Bias 
Intermodulation Distortion 



1 2 5 10 20 50 


REVERSE VOLTAGE (V) 
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UM9701 


Forward Bias Distortion Test Set 



Reverse Bias Distortion Test Set 



Mechanical Specifications 


E 

r 
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SENSISTORS® 


PRODUCT SELECTION GUIDE 



Type 

Resistance Range 
(Q) 

Resistance Rating 
iR2b^C/Rl25^C) 

Tolerance 

Package 

Tl3l/8‘J 

lO-lOK 

0.55±15% 

5% 

TG 

TG1/8-K 

lO-lOK 

0.55±15% 

10% 

TG 


10-39K 

0.55±15% 

5% 

TM 

TM1/8-K 

10-39K 

0.55±15% 

10% 

TM 


Sensistors® is a registered trademark of Unitrode Corporation. 


TYPE NUMBER DESIGNATION 


TM1/8272K 

TM 1/8 272 K 

— r— — I — — 1 — ~r 


1 

1 

^ 

1 

STYLE 

WATTAGE 

RESISTANCE VALUE CODE 

TOLERANCE 

TM 

1/8 

270 = 27fi 

J = 5% 

TG 


271 = 2700 

272 = 2,7000 

273 = 27,0000 

K = 10% 
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SENSISTORS* 

Positive - Temperature - Coefficient 
Silicon Thermistors 


TGl/8 

TMl/8 


FEATURES 

• Qualified to MIL-T-23648A 

• TGl/8- Similar to RTH42 
(MiL-T-23648A/19) 

• TMl/8 - Similar to RTH22 
(MIL-T-23648A/9) 

• Large Positive Temperature Coefficient 

0.7%/°C 

• Wide Resistance Value Ranges Available 
in 5% or 10% Tolerances 


ABSOLUTE MAXIMUM RATINGS 

TGl/8 TIVIl/8 

Power Dissipation at (or below) 

25°C Free-Air Temperature (See Figure 1) 300mW 500mW 

Power Dissipation at (or below) 

100°C Free Air Temperature (See Figure 1) 125mW 

Operating Free-Air Temperature Range -55°C to +125°C . . 

Storage Temperature Range -65°C to +150°C . . 


MECHANICAL SPECIFICATIONS 



c — 


TGl/8 



INCHES 

MILLIMETERS 





f 

A 

-020 ± 002 

508 ± 051 



B 

1 0 MIN 

25.4 MIN. 

1 ^ 

^ 1 

C 

285 ± 015 

7 239 ± .381 



D 

.095 ± .01 

2 413 ± .254 





TMl/8 



INCHES 

MILLIMETERS 

A 

025 ± 003 

.635 ± .076 

B 

1 0 MIN. 

25.4 MIN 

C 

405 ± 015 

10 287 ± 381 

D 

14 ± 015 

3 556 ± .381 


Sensitor® is a registered trademark of Unitrode Corporation 


DESCRIPTION 

The TGl/8 thermistor is encapsulated in 
a glass, hermetically sealed package. The 
TMl/8 thermistor is encapsulated in a 
molded package. Both have hot solder- 
dipped leads and are used in tempera- 
ture sensing and compensation circuits. 
They meet or exceed all of the 
requirements of MIL-T-23648A. 


TG 
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TGl/8 TMl/8 


ELECTRICAL AND THERMAL CHARACTERISTICS 


Zero Power Resistance Ratio (R25°c/Ri25‘’c) 

Thermal Time Constant - Typical 

Thermal Time Constant - Maximum 


TGl/8 TMl/8 

0.55 ± 15% .... 

35s 

60s 


NOMINAL RESISTANCE AT VARIOUS TEMPERATURES 


Standard Zero Power 
Resistance Value (0) 
at 25°C Free-Air 
Temperature 

Type No. 

Resistance (Q) of Sensistor® at Temperature other than 25°C 

-55°C 

-15°C 

0°C 

50°C 

75°C 

100°C 

125°C 

10 

TGl/8 

TMl/8 

6.15 

7.9 

8.63 

11.6 

13.5 

15.45 

17.5 

12 

TGl/8 

TMl/8 

7.38 

9.48 

10.356 

13.92 

16.2 

18.54 

21 

15 

TGl/8 

TMl/8 

9.225 

11.85 

12.945 

17.4 

20.25 

23.175 

26.25 

18 

TGl/8 

TMl/8 

11.07 

14.22 

15.534 

20.88 

24.3 

27.81 

31.5 

22 

TGl/8 

TMl/8 

13.53 

17.38 

18.986 

25.52 

29.7 

33.99 

38.5 

27 

TGl/8 

TMl/8 

16.605 

21.33 

23.301 

31.32 

36.45 

41.715 

47.25 

33 

TGl/8 

TMl/8 

20.295 

26.07 

28.479 

38.28 

44.55 

50.985 

57.75 

39 

TGl/8 

TMl/8 

23.985 

30.81 

33.657 

45.24 

52.65 

60.255 

68.25 

47 

TGl/8 

TMl/8 

28.905 

37.13 

40.561 

54.52 

63.45 

72.615 

82.25 

50 

TGl/8 

TMl/8 

30.75 

39.5 

43.15 

58 

67.5 

77.25 

87.5 

56 

TGl/8 

TMl/8 

34.44 

44.24 

48.328 

64.96 

75.6 

86.52 

98 

68 

TGl/8 

TMl/8 

41.82 

53.72 

58.684 

78.88 

91.8 

105.06 

119 

82 

TGl/8 

TMl/8 

47.724 

63.14 

69.454 

95.94 

112.34 

129.888 

147.6 

100 

TGl/8 

TMl/8 

58.2 

77 

84.7 

117 

137 

158.4 

180 

120 

TGl/8 

TMl/8 

69.84 

92.4 

101.64 

140.4 

164.4 

190.08 

216 

150 

TGl/8 

TMl/8 

87.3 

115.5 

127.05 

175.5 

205.5 

237.6 

270 

180 

TGl/8 

TMl/8 

100.8 

135.9 

150.84 

212.4 

1 252 

292.14 

334.8 

220 

TGl/8 

TMl/8 

123.2 

166.1 

184.36 

259.6 

308 

357.06 

409.2 

270 

TGl/8 

TMl/8 

151.2 

203.85 

226.26 

318.6 

378 

438.21 

502.2 

330 

TGl/8 

TMl/8 

184.8 

249.15 

276.54 

389.4 

462 

535.59 

613.8 

390 

TGl/8 

TMl/8 

218.4 

294.45 

326.82 

460.2 

546 

632.97 

725.4 

470 

TGl/8 

TMl/8 

263.2 

354.85 

393.86 

554.2 

658 

762.81 

874.2 

500 

TGl/8 

TMl/8 

280 

377.5 

419 

590 

700 

811.5 

930 

560 

TGl/8 

TMl/8 

308 

414.4 

467.6 

672 

795.2 

927.36 

1,075.2 

680 

TGl/8 

TMl/8 i 

374 

503.2 

567.8 

816 

965.6 

1,126.08 

1,305.6 


UNITRODE CORPORATION • 5 FORBES ROAD 
LEXINGTON, MA 02173 • TEL. (617) 861-6540 
TWX (710) 326-6509 • TELEX 95-1064 


13,-5 


PRINTED IN U S A 




NOMINAL RESISTANCE AT VARIOUS TEMPERATURES 


TGl/8 TMl/8 


Standard Zero Power 
Resistance Value (Q) 
at 25°C Free-Air 
Temperature 

Type No. 

Resistance (0) of Sensistor® at Temperature other than 25°C 

-55"C 

-15‘’C 

0‘’C 

50°C 

75°C 

100°C 

125°C 

820 

TGl/8 

TMl/8 

451 

606.8 

684.7 

984 

1,164.4 

1,357.92 

1,574.4 

1,000 

TGl/8 

TMl/8 

550 

740 

835 

1,200 

1,420 

1,656 

1,920 

1,200 

TGl/8 

TMl/8 

660 

888 

1,002 

1,440 

1,704 

1,987.2 

2,304 

1,500 

TGl/8 

- 

772.5 

1,095 

1,237.5 

1,845 

2,175 

2,505 

2,940 

- 

TMl/8 

825 

1,110 

1,252.5 

1,800 

2,130 

2,484 

2,880 

1,800 

TGl/8 

TMl/8 

927 

1,314 

1,485 

2,214 

2,610 

3,006 

3,528 

2,200 

TGl/8 

TMl/8 

1,133 

1,606 

1,815 

2,706 

3,190 

3,674 

4,312 

2,700 

TGl/8 

TMl/8 

1,390.5 

1,971 

2,227.5 

3,321 

3,915 

4,509 

5,292 

3,300 

TGl/8 

TMl/8 

1,699.5 

2,409 

2,722.5 

4,059 

4,785 

5,511 

6,468 

3,900 

TGl/8 

TMl/8 

2,008.5 

2,847 

3,217.5 

4,797 

5,655 

6,513 

7,644 

4,700 

TGl/8 

TMl/8 

2,420.5 

3,431 

3,877.5 

5,781 

6,815 

7,849 

9,212 

5,000 

TGl/8 

TMl/8 

2,575 

3,650 

4,125 

6,150 

7,250 

8,350 

9,800 

5,600 

TGl/8 

TMl/8 

2,884 

4,088 

4,620 

6,888 

8,120 

9,352 

10,976 

6,800 

TGl/8 

- 

3,468 

4,964 

5,610 

8,092 

9,520 

10,948 

12,444 

- 

TMl/8 

3,502 

4,964 

5,610 

8,364 

9,860 

11,356 

13,328 

8,200 

TGl/8 

- 

4,182 

5,986 

6,765 

9,758 

11,480 

13,202 

15,006 

— 

TMl/8 

4,223 

5,986 

6,765 

10,086 

11,890 

13,694 

16,072 

10,000 

TGl/8 

- 

5,100 

7,300 

8,250 

11,900 

14,000 

16,100 

18,300 

— 

TMl/8 

5,150 

7,300 

8,250 

12,300 

14,500 

16,700 

19,600 

12,000 

- 

TMl/8 

6,180 

8,760 

9,900 

14,760 

17,400 

20,040 

23,520 

15,000 

- 

TMl/8 

7,215 

10,680 

12,210 

18,150 

21,450 

25,050 

28,500 

18,000 

- 

TMl/8 

8,658 

12,816 

14,652 

21,780 

25,740 

30,060 

34,200 

22,000 

— 

TMl/8 

10,582 

15,664 

17,908 

26,620 

31,460 

36,740 

41,800 

27,000 

- 

TMl/8 

12,987 

19,224 

21,978 

32,670 

38,610 

45,090 

51,300 

33,000 

— 

TMl/8 

15,873 

23,496 

26,862 

39,930 

47,190 

55,110 

62,700 

39,000 

- 

TMl/8 

18,759 

27,768 

31,746 

47,190 

55,770 

65,130 

74,100 


DEVICE TOLERANCE 

The actual resistance of the thermistor at T/°C may vary from the calculated value by 
an amount not exceeding the tolerances tabulated below. 


Temperature 

±5% 

±10% 

(°C) 

(J) 

(K) 

-55 

±15% 

±20% 

-15 

±9% 

±14% 

0 

±7% 

±12% 

25 

±5% 

±10% 

50 

±7% 

±12% 

75 

±9% 

±14% 

100 

±12% 

±17% 

125 

±15% 

±20% 


US A 
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TGl/8 TMl/8 



0 25 50 75 100 125 


Ta-FREE air temperature (°C) 


TYPICAL CHARACTERISTICS WITH POWER APPLIED 

To determine resistance value with power applied, obtain a multiplying factor from the applicable curve below. The free-air curve is 
for the condition of heat removal by free-air convection only. The heat sink curve is for the maximum cooling rate condition of a 
heat sink strap, with leads attached to an infinite heat sink. Actual conditions encountered will be between these two extremes. After 
selecting an applicable multiplying factor from figure 2 or 3, multiply this by the 25°C zero power resistance. This product is then 
corrected for the actual ambient temperature by use of the appropriate temperature column in the Nominal Resistance at Various 
Temperatures table. 


2. Percent Resistance Change vs 




POWER DISSIPATION-(mW) 


POWER DISSIPATION-(mW) 


tTi is lead temperature measured 1/16 inch from the body. 


TTl is lead temperature measured 1/16 inch from the body. 


PART NUMBER DESIGNATION 

TM1/8272K 




TM 1/8 272 K 

— 1 — “ 1 — — 1 — -r- 


i 

1 ■ 

^ 

1 

STYLE 

WATTAGE 

RESISTANCE VALUE CODE 

TOLERANCE 

TM 

1/8 

270 = 27Q 

J = 5% 

TG 


271 = 270Q 

272 = 2,700fi 

273 = 27,000n 

K = 10% 
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Facilities and Capabilities 


Unitrode, long recognized as a worldwide leader in 
the design, manufacture and marketing of discrete 
semiconductor components, has established a com- 
parable position of leadership in the manufacture of 
Multilayer Ceramic Capacitors. 

Since 1973, Unitrode has supplied over one billion 
Axial Leaded Multilayer Ceramic Capacitors to 
computer, general industrial, and commercial cus- 
tomers. Consequently the Company is recognized as 
a leading supplier of automatically insertable capaci- 
tors for high volume applications. 

Our modern facilities in San Diego, California; 
Methuen, Massachusetts; and Ennis, Ireland are pro- 
ducing both Glass Encapsulated and Hybrid Chip Ca- 
pacitors to service our domestic and international 
customers. 

Our unique manufacturing and sealing process com- 
bined with continual emphasis on quality have earned 
Unitrode a reputation of setting the highest standards 
of reliability and performance. 

Unitrode’s Multilayer Ceramic Capacitors are utilized 
in numerous and varied applications in such end mar- 
kets as data processing, consumer electronics, 
communications/telecommunications, automotive reg- 
ulators and ignition systems, industrial controls, indus- 
trial and medical instrumentation, and military 
electronics. 

The Company’s corporate Marketing and Sales head- 
quarters are located in Lexington, Massachusetts. 
Strategically located Area and Regional Sales Offices 
backed by a worldwide network of the industry’s most 
qualified team of manufacturers’ representatives are 
prepared to provide any assistance you require to 
solve your capacitor problems and satisfy your 
requirements. 


General Information 


Basic Formula 

Capacitors are essentially energy storage devices 
used in a wide variety of applications in the electronics 
industry. The most common applications are: 

• Pulse circuits 

• Timing circuits 

• Tuning 

• Energy Storage 

• By-Pass 

• Blocking 

• Coupling 

• Voltage Suppression 

• Arc Suppression 


The Multilayer Ceramic Capacitor is a parallel plate 
capacitor with a ceramic material as the dielectric 
whose capacitance can be calculated by a formula 
C = KAN where; 
t 

K = the dielectric constant of the ceramic mate- 
rial utilized. 

A = the area of overlap of the plate electrodes in in^ 
N = the number of electrode plates, 
t = thickness of the dielectric material separat- 
ing the electrode plates in inches. 

Classes/Characteristics 

Multilayer Ceramic Capacitors are generally divided 
into Class I and Class II categories: 

Class I Ceramics 

Capacitors of this dielectric type have a dielectric 
constant range of 6-100 for the temperature compen- 
sated series dielectrics and from 100-500 for an ex- 
tended TC series. Class I devices are used in 
applications requiring stability and high Q-factor (low 
loss) over a temperature range of - 55°C to + 1 25°C 
and exhibit the following characteristics: 

a. Time does not significantly affect capacitance 
and dissipation factor. No aging. 

b. Capacitance and dissipation factor are not af- 
fected by voltage and frequency. 

c. Linear temperature coefficient. 

d. Dissipation factor is typically <0.1% @ 1 MHz. 

Class II Ceramics 

Class II Ceramics are divided into two subgroups, 
stable and unstable, which are defined by the temper- 
ature characteristics. For the stable subgroup, the 
dielectric constant range is generally 500-3000, and 
3000-10000 for the unstable subgroup. BX and X7R 
dielectrics are examples of the stable subgroup 
dielectrics. Z5U falls into the unstable subgroup. 

These higher K dielectrics exhibit non-linear charac- 
teristics and less stable properties than the Class I 
Ceramics, namely; 

a. Capacitance and dissipation factor are affected 
by (1) time (aging), (2) voltage (AC & DC), and (3) 
frequency. 

b. Non linear TC. 

Class II Ceramic devices are used in by-pass and 
coupling applications where some degree of electrical 
instability can be tolerated to achieve higher volumet- 
ric efficiency and lower cost. 
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Chip Capacitor Production and 
Inspection Plan 



1. Incoming Ceramic 
and binders 

2. Incoming Inspection 

3. Mixing Ceramic 
and Binders 

4. QA Sample 
Inspection 

5. Cast 

6. Slit 

7. Ceramic Film 
Inspection 

8. Block Load 

9. Incoming Material — 
Inks and Screens 

10. Incoming Inspection 

11. Print 

12. Laminate 

13. Cut 

14. Cut Inspection 

15. Dry 

16. Tumble 

17. Tumble Inspection 

18. Bisque Fire 

19. Fire 

20. Microsection Inspection 

21. Incoming Material — 
Termination Metal 

22. Incoming Inspection 

23. Termination 

24. Termination Inspection 

25. Termination Fire 

26. Electrical Sort 

27. Visual Mechanical 
Inspection 

28. Final QA 

29. Chip Storage 

30. Transfer for 
Encapsulation 
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Glass Encapsulated Capacitor 
Production and Inspection Plan 



1. Incoming Material — Leads 

2. Lead Inspection 

3. Lead Loading 

4. Incoming Material — Glass 

5. Glass Inspection 

6. Glass Loading 

7. Incoming Material — Chips 

8. Chip Inspection 

9. Chip Loading 

10. Sealing 

1 1 . Encapsulated Assembly Inspection 

12. Lead Plating 

13. Electrical Test 

14. Electrical Inspection 

15. Marking 

16. Inspection 

17. Reel and Reel Repair 

18. Final Q.C. 

19. Stock 

20. Ship 
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Test Specifications 


Unitrode conducts the following tests on all 
production lots. The tests are monitored or 
conducted and controlled by the Quality 
Assurance Department to assure the specifica- 
tion and test limit integrity is maintained. 
CAPACITANCE; Capacitance is checked on 
100% of each shipment lot with a final check 
on an AQL basis. Test conditions for NPO and 
X7R dielectrics are 1 VRMS ± .25 VRMS and 
.3 VRMS for the Z5U. 

DISSIPATION FACTOR: This parameter is also 
checked on a 100% basis. The limits are .1 % 
for NPO 2.5% for X7R and 3% for Z5U at 
stated test voltages. 

DIELECTRIC WITHSTANDING VOLTAGE; All 
dielectrics are tested at 250% of rated voltage 
with charging current limited to 50 mA 
maximum. 

INSULATION RESISTANCE: Capacitors are 
tested to an AQL level at rated voltage for a 
maximum two minute charging time. All 
dielectrics are required to meet 100,000 
megohms or 1000 megohm microfarads 
whichever is the lesser of the two. 

All above specifications are at room tempera- 
ture and humidity. Specific details given for 
each dielectric on pages y Through 1 1 under 
Dielectric Characteristics Information Section. 

HIGH RELIABILITY; All Unitrode product is 
manufactured to meet or exceed MIL-C-55681, 
MIL-C-11015 and MIL-C-39014 and Unitrode is 
prepared to offer for a nominal charge, units 
screened to the following specifications: 


MIL-STD-202 


Test 

Method 

Condition Test Conditions 

Burn-In 

108 

A 200% of rated 

voltage @ 

■4-125“C 

for NPO and X7R 
dielectrics. 150% 
of rated voltage @ 
+ 85‘’Cfor Z5U 
dielectric; for 96 
hours. 

Dielectric 

Withstanding 

Voltage 

301 

— 250% of rated 

voltage for NPO, 
X7R and Z5U 
dielectric with 
charging current 
limited to 50 mA. 

Insulation 

Resistance 

302 

— Rated voltage ap- 

plied for 2 minutes 
maximum. 

Thermal 

Shock 

107 

B Exposure at 

temperature ex- 
tremes for 30 
minutes. 

Capacitance 

305 

-- NPO and X7R 

dielectrics: 1 

VRMS ± .25 

VRMS @ 1 KHz. 
Z5U dielectric: .3 
VRMS @ 1 KHz. 


Dissipation 

305 

— 

NPO and X7R 

Factor 



dielectrics: 1 
VRMS ± .25 
VRMS @ 1 KHz. 
Z5U dielectric: .3 
VRMS @ 1 KHz. 
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Unitrode Monolithic 
Ceramic Capacitor Chips 


NPO (COG) Characteristics 



. Bm 

■ ■ 1- 


L 

.050 ins. .080 ins. .100 ins. .150 ins. .125 ins. .180 ins. .180 ins. .175 ins. .250 ins. .090 ins, 
1.27 (mm) 2.03 (mm) 2.54 (mm) 3.81 (mm) 3.18 (mm) 4.57 (mm) 4.57 (mm) 4.45 (mm) 6.35 (mm) 2.28 (mm) 

W 

.040 ins. .050 ins. .050 ins. .050 ins. .095 ins. .050 ins. .080 ins. .125 ins. .225 ins. .070 ins. 
1.016 (mm) 1.27 (mm) 1.27 (mm) 1.27 (mm) 2.41 (mm) 1.27 (mm) 2.03 (mm) 3.18 (mm) 5.72 (mm) 1.77 (mm) 

T. MAX 

.040 ins. .050 ins. .050 ins. .050 ins. .060 ins. .050 ins. .060 ins. .060 ins. .060 ins. .060 ins. 
1.016 (mm) 1.27 (mm) 1.27 (mm) 1.27 (mm) 1.52 (mm) 1.27 (mm) 1.52 (mm) 1.52 (mm) 1.52 (mm) 1.52 (mm) 

• Termination 

.010 ins. 
.254 (mm) 

.020 ins. .020 ins. .020 ins. .020 ins. .020 ins. .020 ins. .020 ins. .020 ins. .020 ins. 
.508 (mm) .508 (mm) .508 (mm) .508 (mm) .508 (mm) .508 (mm) .508 (mm) .508 (mm) .508 (mm) 


Capacitance Volts 
pF 50 100 200 


Volts Capacitance 
50 100 200 Code 


-TfltMINATION 


Performance Specifications 

MIL Specifications: 

Meets or exceeds applicable portions of 

MIL-C-55681 

Insulation Resistance: 

Minimunn 100,000 megohms or 1,000 
megohm microfarads, whichever is less, 
with rated voltage applied, @ 25°C (see 
curve for other temperatures). 

Fiash Test: 

2.5 X WVDC 

Life Test: 

2 X WVDC @ +125°C, 1000 hours. 

Temperature Range: 

-55°C to +125°C 

Temperature Coefficient: 

0 ±30 PPM/°C 

Dissipation Factor: 

.1 % max. @ 1 KHz 

Capacitance Tolerance: 

C (±.25pF, IpF-IOpF), D (±.5pF, IpF- 
lOpF), F (±1 %), G (±2%), J (±5%), 
K{±10%), M (±20%) 

*AII L&W values ±.010 (.254) 

*AII termination measurements ±.010 
(.254) except .010 (.254) value which is 
±.005 (.127) 


I Extended value 
I available 
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5600 ■ - ill; ■' 

562 

6800 ^ ^ 

682 

8200 -- 

822 

.0100 mF ^ . - 

103 

.0120 8 0 

123 

.0150 

153 

•0180 ® 

183 

.0220 

223 

.0270 





273 

.0330 





333 

.0390 





393 

.0470 




m 

473 

.0560 




: 

563 

How To Order 


D 

103 

K 

p 

N 

SIZE 

VOLTAGE 

VALUE 

TOLERANCE 

TERMINATION 

TEMPERATURE 

CODE 




MATERIAL 

CHARAC- 






TERISTIC 

1 050 X 040 

C 25VDC 

Capacitance 

C ± 25pF(1pF-10pF) 

A Ag 

N NPO 

2 080 X 050 

D 50VDC 

Value in pF 

D ± 5pF(1pF-10pF) 

B PdAg 

B BX 

3 100 X 050 

E 100VDC 

(ElACode) 

F ± 1% 

C Solder Coat 

X X7R 

4 150 X 050 

F 200VDC 


G ± 2% 

(604 Ag STANDARD) 

Z Z5U 

5 125 X 095 



J ± 5% 



6 180 X 050 



K ±10% 



7 180 X 080 



M ± 20% 



8 175 X 125 






9 250 X 225 
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SIZE 

1 



' 4 ' .5 

6 7 8 9 

24 


X7R (BX) Characteristics 

L 

.050 ins. 
1.27 (mm) 

.080 ins. .100 ins. .150 ins. .125 ins. .180 ins. .180 ins. .175 ins. .250 ins. .090 ins. 
2.03 (mm) 2.54 (mm) 3.81 (mm) 3.18 (mm) 4.57 (mm) 4.57 (mm) 4.45 (mm) 6.35 (mm) 2.28 (mm) 



W 

.040 ins. .050 ins. .050 ins. .050 ins. .095 ins. .050 ins. .080 ins. .125 ins. .225 ins. .070 ins. 
1.016 (mm) 1.27 (mm) 1.27 (mm) 1.27 (mm) 2.41 (mm) 1.27 (mm) 2.03 (mm) 3.18 (mm) 5.72 (mm) 1.77 (mm) 



T. MAX 

.040 ins. .050 ins. .050 ins. .050 ins. .060 ins. .050 ins. .060 ins. .060 ins. .060 ins. .060 ins. 
1.016(mm) 1.27 (mm) 1.27 (mm) 1.27 (mm) 1.52(mm) 1.27 (mm) 1.52(mm) 1.52(mm) 1.52(mm) 1.52 (mm) 



Termination 

.010 ins. 
.254 (mm) 

.020 ins. .020 ins. .020 ins. .020 ins. .020 ins. .020 ins. .020 ins. .020 ins. .020 ms. 
.508 (mm) .508 (mm) .508 (mm) .508 (mm) .508 (mm) .508 (mm) .508 (mm) .508 (mm) .508 (mm) 

EIA 


Capacitance 

PF 

Volts 

25 50 100 

Volts 

25 50 100 

Volts 

25 50100 

Volts Volts 

2550 100 2550 100 

Volts Volts Volts Volts 

25 50100 25 50100 25 50100 25 50100 

Volts 

25 50 100 

Capacitance 

Code 


100 

,11 

' M 


1 101 


120 


W 


® 121 

' T' '''”' ' 

150 




W\ 151 


180 



^■'1 

I'..'’ 181 


220 

S 

■ 


r 

270 


' 


P'< 271 

' '' '"' ' '> ; ^ ' '''' ^ 

330 

~P 



I ^ 331 

''' ' ^ , 

390 

< M 


'-1 

I;! 391 

470 


.c'.m" 

hi 

||.'^ 471 


560 




f: 561 

Performance Specifications 

680 

m' 


1 

r AM.i 681 

820 



■ 1 

r 

M ..1' 


M 

821 

MIL Specifications: 

Meets or excee(js applicable portions of 
MIL-C-55681 

1000 

'' 'S - 



1' ■■ ■ 102 

1200 

M ■ 




1500 


.S ' 


® Ilf 152 

1800 

M: ' 

s 

'•■'ll 

I" ' ■ ^ 'i|§ 182 

insuiation Resistance: 

2200 

s 


' i| 


M ';-P- 

•'M-' 

sr 

222 

Minimum 100,000 megohms or 1,000 
megohm microfarads, whichever is less, 
with rated voltage applied, @ 25°C (see 
curve for other temperatures). 

2700 




1' 

M ■ 


H 

272 

3300 




i; ^ 332 

3900 


m 

- 


S . 

V'M- 

Ii 

392 

4700 

>■ m 

. > 


1-' 


' * 

if 

472 

5600 

M 

m 


I:-- 



1? 

562 

Fiash Test: 

6800 

S 

;.S<' 


|: ' •• ■'ff 682 

2.5 X WVDC 

8200 




1 ' 8 ^ ^ ill 822 

Life Test: 

2 X WVDC @ 125°C, 1000 hours. 

.0100 mF 

m 



fS: 


W ' M III 


103 

.0120 



■‘i 

|h 

'M' '' M 

.M M' M 

Ii 

123 

.0150 




1 




153 

Temperature Range: 

.0180 



; 

1. m m m s 

-55°C to +125°C 

.0220 


S 

8 

r 



ii _ 

223 

Temperature Coefficient: 

±15% 

Dissipation Factor: 

.0270 



f, 

...l..:/. 1 m 1. 1 S.. ' 1.... 373 

.0330 








333 

.0390 



Tr~ 


"9 

' S'' S '' ' M 

il 

393 

.0470 






S ^ 

W 

473 

2.5% max. 1 KHz, 25°C, 1 VRMS 

.0560 





m 

' M ^ M r . fe'' ' 


563 

Capacitance Tolerances and Codes: 

v M r-4-9no^^ 7 r-i-Ano/n —or\^/n\ 

.0680 





'"H- "'’'S 

'JM 


683 

.0820 






' m tii 


823 

r\ (3:IU /O ), IVI (IXiiU /O ) ^ (tOU /O , zlU /O), 

V (GMV) Consult Factory for J (±5%) 
Tolerance 

.1000 





S .ST 

.'|i| 


104 

.1200 






S lit 


124 

.1500 





"■‘0 



154 

*AII L&W values ±.010 (.254) 

'*AII termination measurements ±.010 
(.254) except .010 (.254) value which is 
±.005 (.127) 

.1800 






iTw ii ' 


184 

.2200 





M 

fe 1 


224 

.2700 





8 

’ m M 


274 

.3300 






■ I.!!.!!! ' - 


334 

.3900 






'f:5' 


394 


.4700 








474 


.5600 








564 


.6800 






'■'W 


684 


.8200 








824 


1.000 






' 


105 

Extended value 

1.200 








125 

available 

1.5 






m 


155 


How To Order 



SIZE 

CODE 

D 

VOLTAGE 

103 

VALUE 

K 

TOLERANCE 

P 

TERMINATION 

MATERIAL 

N 

TEMPERATURE 

CHARAC- 

TERISTIC 


1 050 X 040 

C 25VDC 

Capacitance 

C ± 25pF (IpF-IOpF) 

A Ag 

N NPO 


2 080 X 050 

D 50VDC 

Value in pF 

D ± 5pF (IpF-IOpF) 

B PdAg 

B BX 

UNITRODE CORPORATION • 5 FORBES ROAD 

LEXINGTON, MA 02173 • TEL. (617) 861-6540 

3 100 X 050 

4 150 X 050 

5 125 X 095 

6 180 X 050 

7 180 X 080 

8 175 X 125 

9 250 X 225 

E 100VDC 

F 200VDC 

1 A O 

(EIA Code) 

F ± 1% 

G ±2% 

J ± 5% 

K ± 1 0% 

M ±20% 

C Solder Coat 
(604 Ag STANDARD) 

X X7R 

Z Z5U 


I IVIM ' I tU. VOX/ ; OOJl-UwItU . - . 
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Z5U Characteristics 
(General Purpose) 



Performance Specifications 

MIL Specifications: 

Meets or exceeds applicable portions of 

MIL-C-55681 

insulation Resistance: 

Mininnum 100,000 megohnns or 1,000 
megohm microfarads, whichever is less, 
with rated voltage applied, @ 25°C (see 
curve for other temperatures). 

Flash Test: 

2.5 X WVDC 

Life Test: 

2 X WVDC @ 85°C. 

Temperature Range: 

+10°Cto+85°C 

Temperature Coefficient: 

+ 22 % 

-56% 

Dissipation Factor: 

3.0% max. @ 1 KHz, 25°C, .3 VRMS 

Capacitance Tolerances and Codes: 

M (±20%) Z (+80%, -20%), V (GMV) 

*A1I L&W values ±.010 (.254) 

**A11 termination measurements ±.010 
(.254) except .010 (.254) value which is 
±.005 (.127) 


StZE 

1 

2 $ 4 s' 


L 

.050 ins. .080 ins. .100 ins. .150 ins. .125 ins. .180 ins. .180 ins. .175 ms. .250 ins. .090 ins. 
1.27 (mm) 2.03 (mm) 2.54 (mm) 3.81 (mm) 3.18 (mm) 4.57 (mm) 4.57 (mm) 4.45 (mm) 6.35 (mm) 2.28 (mm) 

W 

.040 ins. 050 ins. .050 ins. .050 ins. .095 ms. .050 ins. .080 ins. .125 ms. .225 ins. .070 ins. 
1.016 (mm) 1.27 (mm) 127 (mm) 1.27 (mm) 2.41 (mm) 1.27 (mm) 2.03 (mm) 3.18 (mm) 5.72 (mm) 1.77 (mm) 

T. MAX 

.040 ins. .050 ins. .050 ins. .050 ms. .060 ins. .050 ms. 060 ins. .060 ins. .060 ms. .060 ms. 
1.016(mm) 1.27 (mm) 1.27 (mm) 1.27 (mm) 1.52(mm) 1.27 (mm) 1.52(mm) 1.52(mm) 1.52(mm) 1.52 (mm) 

Termination 

.010 ins. 
.254 (mm) 

.020 ins. .020 ins. .020 ins. .020 ins. .020 ms, .020 ins. .020 ins. ,020 ms. .020 ms. 
.508 (mm) .508 (mm) .508 (mm) .508 (mm) .508 (mm) .508 (mm) .508 (mm) .508 (mm) .508 (mm) 


Capacitance Volts Volts Volts Volts Volts Volts Volts Volts Volts Volts Capacitance 
pF 25 50 100 25 50100 25 15100 35 50 100 25 50100 25 50100 25 50100 25 50100 25 50100 25 50100 Code 


— TOT Tf 

1000 

I 102 

1200 

1 . 122 

1500 If I 

t ■ 152 

1800 ' II $ 

1 182 

. 2200 , , , 

1 ■ 222 

2700 

S ... _ . . 272 

3300 III i 

1 t 

I' 332 

3900 

g 1 

I- -. . 392 

4700 

. si. 

1 ■■ 472 

5600 

' '1 

1- . 562 

6800 

1 

1 ■ 682 

8200 

1 1 

« 1 

1 $ 

i T 


.0100 mF 

I 1 

1' t 

1 1 


.0120 

1: 

i 1 

1' I 

1 ' II 123 

.0150 

1- .i 

1 " Ir 

1 1 


it 153 

.0180 

r — 1 

1 ■' 1 

I 1 

1 ■ ■ ' ' 'ip • 183 

.0220 

■- 

i 1 

1 1 

I ■' ' fll ' 223 

.0270 

f. 

1 . 1 

1 1 

i'"' ■ S' ' ill 273 

.0330 

i' 

1 I 

1 1 

1 '• S ■’ ■■■■-' ' ■ lip '■ ■ 333 

.0390 

1 

1 '1 

1 I 

1 M ■ ■ ■ III" 393 

.0470 1 

i ■ 

I’ i 

1 • 1 

i S S fi* 

'S 

.0560 ;■*' ' i 

1 1 

1. I 

I ' i 

1 M W II 

563 

.0680 || 

1 1 

I 1 

1 1 

t ’M 'M lip 683 

.0820 1 

1 1 

1 1 

1 ? 

1 ^ p 1 

1 pi 823 

.1000 i 

1 1 

1 1 

S -i 

i S 8 ^ 

1 'ill' 104 

.1200 g 

i 1 

I 

i f 

1 S p ^ 1 

I fl' 124 

.1500 1 

1 i 

I 1 

1 il S S' i 

1 154 

.1800 1 

1 ■;li 

f, g ^ y 1 

1? iPi 184 

.2200 : ■; ' 1 

i"' S ■' 1 

. 224 

.2700 i 

1 ,5 S ''.M 'i 

f 

.3300 1 

1 8, ' ^S'' ''1 

tl- 334 

.3900 § 

1 ii. m -1 

1 ■' . 394 

.4700 f 

1 ' - J ■■■■ t 

l.-.v. 474 

.5600 


1 564 

.6800 ..Sp 

1 684 

.8200 " 1 

’ll V,. 824 

1.000 ^ 

1 105 

1.200 . v'S '"i 

1 125 

1.500 




TT TTf 

Tv- • -f 

1 155 

1.800 




1 

1 185 

2.200 

1 225 

2.700 ::’'i 

i 275 


3.300 ; . 335 


3.900 395 


How To Order 


SIZE 

CODE 

D 

VOLTAGE 

103 

VALUE 

K 

TOLERANCE 

P 

TERMINATION 

MATERIAL 

N 

TEMPERATURE 

CHARAC- 

TERISTIC 

1 050 X 040 

2 080 X 050 

3 100 X 050 

4 150 X 050 

5 125 X 095 

6 180 X 050 

7 180 X 080 

8 175 X 125 

9 250 X 225 

C 25VDC 

D 50VDC 

E 100VDC 

F 200VDC 

Capacitance 

Value in pF 
(ElACode) 

C ± 25pF(1pF-10pF) 

D ± 5pF(1pF-10pF) 

F ±1% 

G ±2% 

J ± 5% 

K ±10% 

M ±20% 

A Ag 

B PdAg 

C Solder Coat 
(604 Ag STANDARD) 

N NPO 

B BX 

X X7R 

Z Z5U 
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Chip Capacitor Tape and Reel Information 


General 


Table 1 indicates the chip size/capacitance value range of chips available in tape and reel packaging. The 8 mm wide 
cardboard carrier tape is supplied on 7 inch diameter reels. Each reel contains approximateiy 3000 devices. 


Table 1 


ilASIZE 

CODE 



■'J- '' ' ' 

t 

MAX 

« . CAP VALUE RANGE 

- NFO 

100 WVDC 

XTR 

50 WVDC 

Z5U 

50 WVDC 

0504 

.050 ±.010 

.040 ±.010 

.030 

I.Opf 

lOOpf 

lOOOpf 


(1.27 ±0.25) 

(1.02 ±0.25) 

(0.76)' 

180pf 

3900pf 

.015MF 

0805 

.080 ±.010 

.050'±.010 

.050 

I.Opf 

lOOpf 

lOOOpf 


(2.03 ±0.25) 

(1.27 ±0.25) 

(1.27) 

390pf 

.015MF 

.047MF 

1005 

.100±.010 

.050 ±.010 

.060 

I.Opf 

lOOpf 

lOOOpf 


(2.54 ±0.25) 

(1.27 ±0.25) 

(1.52) 

820pf 

.027MF 

.082MF 

1206 

.126±.010 

.063 ±.010 

.050 

47pf 

820pf 

3300pf 


(3.2 ±0.25) 

(1.6 ±0.25) 

(1.27) 

1800pf 

.056MF 

.15MF 

1210 

.125±.010 

.095 ±.010 

.065 

lOOpf 

3900pf 

4700pf 


(3.18 ±0.25) 

(2.41 ±0.25) 

(1.65) 

2200pf 

.082MF 

.33MF 

1505 

.150±.010 

.050 ±.010 

.065 

39pf 

560pf 

lOOOpf 


(3.81 ±0.25) 

(1.27 ±0.25) 

(1-63) 

1200pf 

.039MF 

.15MF 



A . 

b; " 


0 

/A 

' ' ' Q 

^ - T' 

178 ±2.0 

2.0 

13±0.5 

20.2 MIN. 

50 MIN. 

10.0±1.5 

14.9 

(7.00 ±0.079) 

(0.079) 

(0.51 2 ± 0.020) 

(0.795 MIN.) 

(1.969 MIN.) 

0.394 ±0.059 

(0.587) 

Metric dimensions wiil govern. 






English measurements rounded and for reference only. 

Options subject to agreement between vendor and user. 
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Carrier Dimensions 



Direction of Feed 


Tabie 3 





T .’ Pa 

Fo 

0 ;■ 


T 

8.0 ±0.2 
(0.315 ±0.008) 

‘ 3.5 ±0.05 
(0.1 38 ±0.002) 

1.75 ±0.05 
(0.069 ±0.002) 

2.0 ±0.05 
(0.079 ±0.002) 

4.0 ±0.1 
(0.157 ±0.004) 

'•^-0.0 

, _ ±0.004 
(0.059 

See Note: 1 

NO. 1 - 0.94 
(0.037) 

NO. 2-1.19 
(0.047) 

Metric dimensions will govern. 

English measurements rounded and for reference only. 
Options subject to agreement between vendor and user. 





NOTE; 1 Ao & Bo are determined by maximum specified length and width of components plus 0.4 ± 0.2 

(0.01 6 ±0.008), plus the additional requirements that components not be allowed to rotate more than 20° within 

the cavity clearance or whichever condition occurs first. 


USA 
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Unitrode Monolithic 
Ceramic Axial Lead 
Glass Capacitors 


NPO (COG) Characteristics 


lead 

..V.'. ^ ^ ■ dlametef 

body ^ t -0^ tris, 

t* length t0,5i mm) 



Performance Specifications 

MIL Specifications: 

Meets or exceeds applicable portions of 
MIL-C-11015 and MIL-C-39014. 

Insuiation Resistance: 

Minimum 100,000 megohms or 1,000 
megohm microfarads, whichever is less, 
with rated voltage applied, @ 25°C (see 
curve for other temperatures). 

Dieiectric Strength: 

2.5 X WVDC 

Life Test: 

2 X WVDC @ 125°C, 1000 hours. 

Lead Material: 

Tinned Copper Clad Steel 

Temperature Range: 

-55°C to +125°C 

Temperature Coefficient: 

0 ±30 PPM/°C 

Dissipation Factor: 

0.1 % max. at 1 MHz @ 1 VRMS (<100pF) 
1 KHz @ 1 VRMS (>100pF) 

Capacitance Toierance: 

F (±1%), G (±2%), J (±5%), 

K(±10%), M (±20%) 



^ Ml- 



- t. 



Body 

Length 

(max.) 

.170 ins. 

.200 ins. 

.260 ins. 

.300 ins. 

.400 ins. 


4.32 (mm) 

5.08 (mm) 

6.60 (mm) 

7.62 (mm) 

10.16 (mm) 


Body 

Dia. 

(max.) 

.100 ins. 

.100 ins. 

.100 ins. 

.110 ins. 

.150 ins. 


2.54 (mm) 

2.54 (mm) 

2.54 (mm) 

2.79(mm) 

3.81 (mm) 

EIA 

Capacitance 

Voltage 

Voltage 

Voltage 

Voltage 

Voltage 

■ Capacitance 
Code 

PF 

50100200 

50100 200 

50 100 200 

50 100 200 

50100 200 


10 1 

i . 100 

12 1 

i 120 

15 1 

1 150 

18 1 

1 180.. 

22 1 

1 220 

27 ~ 

1 270 

33 f 

1 330 

39 1 

i 390 

47 i 

i 470 

56 1 

i 560 

68 i 

1 680 

82 S 

i * 820 

100 "'i 

1 ■ 101 

120 1 

i' 121 

150 1 

1 151 

180 ’I 

I 181 

220 1 

i ■ 221 

270 

1 271 

330 ' 

I 331 

390 '..'■^1 

1 ' 391 

470 ' ' i 

1 471 

560 I 

I 561 

680 1 

i 681 


Guidelines for Automatic How To Order 


Insertion: 


^050 

1 1 

, .060 ins. 

f • 

STYLE 

PACKAGE 

EIA 

CAPACI- 

TANCE 

CODE 

TOLERANCE 

VOLTAGE 

TEMPERATURE 

CHARAC- 

TERISTIC 

1-27(fnr^ 

T 


1.27 (mm) 

1 

CG 

A 170 X 075 

B 170 X 100 

C 200 X 100 

D 260 X 100 

E 300 X 110 

F 400 X 150 
'G 300 X 150 

Capacitance 

Value 

pF 

F ± 1% 

G ± 2% 

J ± 5% 

K ±10% 

M ± 20% 

Z +80%, -20% 

V GMV 

C 25V 

D 50V 

E 100 V 

F 200V 

N NPO 

X X7R 

Z Z5U 


‘Consult factory for values and voltages 
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X7R (BX) Characteristics 



Performance Specifications 

MIL Specifications; 

Meets or exceeds applicable portions of 
MIL-C-11015 and MIL-C-39014. 

insuiation Resistance: 

Minimum 100,000 megohms or 1,000 
megohm microfarads, whichever is less, 
with rated voltage applied, @ 25°C (see 
curve for other temperatures). 

Dielectric Strength: 

2.5 X WVDC 

Life Test: 

2 X WVDC @ 125°C, 1000 hours. 

Lead Material: 

Tinned Copper Clad Steel 

Temperature Range: 

-55°C to +125°C 

Temperature Coefficient: 

± 15 % 

Dissipation Factor: 

2.5% @ 1 KHz @ 1 VRMS 

Capacitance Toierance: 

K (±10%), M (±20%) Consult Factory for 
J (±5%) Tolerance 


Guidelines for Automatic 
Insertion: 


.p50 ins. , 



.060 ins. 
,1.27 (mm) 


PACKAGE 

A 

B 

c 

■ D. ' 

' e. ‘ 

' ' ^ F' ' . 


Body 

Length- 

(max:) 

.170 ins. 

4 32 (mm) 

.170 ins 
4.32 (mm) 

.200 ins. 
5.08 (mm) 

.260 ins. 

6 60 (mm) 

.300 ins. 

7 62 (mm) 

.400 ins. 
10.16 (mm) 


Dia. 

(max.) 

.075 ins. 
1.91 (mm) 

.100 ins 
2.54 (mm) 

.100 ins. 
2.54 (mm) 

100 ins. 
2.54 (mm) 

.110 ins. 
2.79 (mm) 

.150 ins. 
3.81 (mm) 

EIA 

Capacitance 

PF 

Voltage 

25 50 100 

Voltage 

25 50 100 

Voltage 

25 50100 

Voltage 

25 50 100 

Voltage 

25 50 100 

Voltage 

25 50 100 

■ Capacitance 
Code 


100 







101 

120 

1)^ 






121 

150 







151 

180 







181 

220 







221 

270 







271 

330 







331 

390 







391 

470 







471 

560 







561 

680 







681 

820 







821 

1000 







102 

1200 







122 

1500 







152 

1800 







182 

2200 


M 





222 

2700 







272 

3300 


3 





332 

3900 


if 





392 

4700 


a 





472 

5600 


fv 





562 

6800 


M 





682 

8200 







822 

.01 mF 


'M 





103 

.012 







123 

.015 


il 





153 

.018 


M 





183 

.022 







223 

.027 







273 

.033 







333 

.039 







393 

.047 




'ff 

■ 3 



473 

.056 







563 

.068 







683 

.082 







823 

.10 





^ 0 ? 


104 

.12 






Wi — 

124 

.15 







154 

.18 






M 

184 

.22 






f 

224 

.27 






S 

274 


How To Order 


STYLE 

PACKAGE 

EIA 

TOLERANCE 

VOLTAGE 

TEMPERATURE 



CAPACI- 



CHARAC- 



TANCE 

CODE 



TERISTIC 

CG 

A 170 X 075 

Capacitance j 

F ±1% 

C 25V 

N NPO 


B 170 X 100 

Value 1 

G ±2% 

D 50V 

X X7R 


C 200 X 1 00 

in 

J ± 5% 

E 100V 

Z Z5U 


D 260 X 100 

pF 1 

K ± 10% 

F 200V 



E 300 X 110 


M ± 20% 




F 400 X 150 


Z + 80%. - 20% 




*G 300 X 150 


V GMV 
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Z5U Characteristics 
(General Purpose) 



Performance Specifications 

Insulation Resistance: 

Minimum 100,000 megohms or 1,000 
megohm microfarads, whichever is less, 
with rated voltage applied, @ 25°C (see 
curve for other temperatures). 

Dielectric Strength: 

2.5 X WVDC below .5 mfd; 2.0 x WVDC 
.5 mfd and above 

Life Test: 

2 X WVDC @ 85°C, 1000 hours. 

Lead Material: 

Tinned Copper Clad Steel 

Temperature Range: 

+10°C to +85°C 

Temperature Coefficient: 

+22, -56% 

Dissipation Factor: 

3.0% max. at 1 KHz., 25°C, @ .3 VRMS 

Capacitance Tolerance: 

M (±20%), Z (+80%, -20%), 

GMV (+100%, -0%). 









Body 

Length 

(max.) 

.170 ins. 

.170 ins. 

.200 ins. 

.300 ins. 

.400 ins. 


4.32 (mm) 

4.32 (mm) 

5.08 (mm) 

7.62 (mm) 

10.16 (mm) 


Body 

Dia. 

(max.) 

.075 ins. 

.100 ins. 

.100 ins. 

.110 ins. 

.150 ins. 


1.91 (mm) 

2.54 (mm) 

2.54 (mm) 

2.79(mm) 

3.81 (mm) 

EIA 

Capacitance 

Voitage 

Voltage 

Voltage 

Voltage 

Voltage 

■ Capacitance 
Code 

PF 

25 50100 

25 50100 

25 50 100 

25 50 100 

25 50100 



Guidelines for Automatic 
Insertion: 


.050 , 

^.Z7ir^ 


.050 m$. 
1.27 (mm) 


How To Order 


STYLE 

PACKAGE 

EIA 

TOLERANCE 

VOLTAGE 

TEMPERATURE 



CAPACI- 



CHARAC- 



TANCE 



TERIST1C 



CODE 




CG 

A 170 X 075 

Capacitance 

F ±1% 

C 25V 

N NPO 


B 170 X 100 

Value 

G ±2% 

D 50V 

X X7R 


C 200 X 100 

in 

J ± 5% 

E 100 V 

Z Z5U 


D 260 X 100 

pF 

K ±10% 

F 200V 



E 300 X 110 


M ± 20% 




F 400 X 150 


Z +80%. -20% 




•G 300 X 150 


V GMV 




‘Consult factory for values and voltages 
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APPLICATION AND DESIGN DATA 


SUBJECT PAGE 

LINEAR INTEGRATED CIRCUITS 

A Second Generation — 1C Switch Mode 
Controller Optimized for High Frequency Power 
Mosfet Drive (U-89) 15-137 

The UC1524A integrated PWM Control Circuit 
Provides New Performance Levels 

for an Old Standard (U-90) 15-148 

Applying the UC1840 to Provide Total Control 
for Low-Cost, Primary-Referenced 

Switching Power Systems (U-91) 15-160 

A New Integrated Circuit for Current-Mode 
Control (U-93) 15-170 

The UC1901 Simplifies the Problem of Isolated Feedback 
in Switching Regulators (U-94) 15-179 

A Simple Isolation Amplifier 

Using the UC1901 (DN-19) 15-240 


PIN DIODES 

Pin Diode Designers' Handbook & Catalog (PD500B) 

POWER TRANSISTORS & DARLINGTONS 

Power Darlingtons as Switching Devices (U-70B) * 

The Unitrode monolithic power Darlington is characterized 
and compared with other switching methods. Unique ad- 
vantages are discussed and basic circuits for many 


modern applications are shown. 

Thermal Design Considerations for Operating 
Unitrode's TO-92 Transistors and Darlingtons 
in Pulsed-Power Applications (U-77) 15-55 

500W, 200kHz Off-Line Power Supply Using 
Power MOSFETs (U-87) 15-115 

Design Considerations for Power MOSFET 
Gate Drive Circuitry (U-88) 15-121 

Proportional Base Drive of Bipolar Power Transistors 
in Switching Power Supplies (Dl) 15-191 

How to Safely Check Sustaining Voltage on 
Power Transistors (DN-5) 15-217 

RECTIFIERS 

The Importance of Rectifier Characteristics in 
Switching Power Supply Design (U-73A) 15-35 

Design Guide - Power Schottky Rectifiers in a 
Switching Regulator (U-85) 15-99 


RECTIFIER ASSEMBLIES, HIGH VOLTAGE RECTIFIERS 

Doorbell® High Voltage Stacking (N-136B) * 

Self-stacking rectifier modules are described and shown in 
numerous applications. Examples of circuits and mounting 
configurations are given. 

Doorbell® Tube Replacement (N-130B) * 

The advantages of using rectifier modules to replace tubes 
are discussed. Case histories are noted and advice is given 
relating to module selection and installation. Pertinent 
ratings and other information is presented in tabular form, 
and outlines are shown for standard caps and bases. 


SUBJECT PAGE 

POWER HYBRIDS & MODULES 

Switching Regulator Design Guide (U-68A) 15-13 

Flyback and Boost Switching Power Supplies (U-76) 15-46 

Detecting Impending Core Saturation in 
Switched-Mode Power Converters (U-81) 15-68 

Hybrid Circuits for Low Voltage 
Switched-Mode Converters (U-82) 15-76 

Hybrid Circuits for Off-Line 

Switching Power Supplies (U-84) 15-89 

Minimizing Storage Time When Using Unitrode 
Switching Regulator Power Output Circuits (DN-3) . . . 15-215 

Avoiding Spurious Oscillation When Using Unitrode 
Switching Regulator Power Output Circuits (DN-4) . . . 15-216 

Operating the Switching Regulator Output Circuit 
at Low Frequencies (DN-6) 15-220 

A 350 Watt Switching Regulated Output Power Supply 
for Multiple Outputs Utilizing 

Unitrode Semiconductor Components (DN-8) 15-224 

THYRISTORS (SCRs & PUTs) 

Programmable Unijunction Transistors (U-66) 15-5 

Incorporate Active inrush Current Limiting 
to Improve Reliability and Efficiency of 
Power Supplies (U-83) 15-85 

Squib-Firing Circuit Provides for Reliable Firing, 
from Low Level Inputs (DN-10) 15-230 

Combined AC-DC Load Control Simplifies 
SCR Reset (DN-11) 15-232 

Turn-off Method for SCRs Minimizes Effect of 
DV/DT (DN-13) 15-234 

Nanosecond SCR Switch for Reliable High Current 
Pulse Generators and Modulators (DN-14) 15-236 

Nanosecond SCR Switch for Laser Diode 
Pulse Driver (DN-15) 15-238 

TRANSIENT VOLTAGE SUPPRESSORS/ZENERS 

Guidelines for Using Transient Voltage 
Suppressors (U-79) 15-59 

Determining the Change in Zener Voltage when the 
Current is Changed (DN-IA) 15-214 

DESIGN REVIEW 

250 Watt Off-Line Forward Converter 
Design Review (Tl) 15-198 


*Does not appear in Databook. 
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Unitrode Corporation makes no representation that 
the use or interconnection of the circuits described 
herein will not infringe on existing or future patent 
rights, nor do the descriptions contained herein imply 
the granting of licenses to make, use or sell equip- 
ment constructed in accordance therewith. 

©1984, by Unitrode Corporation. All rights reserved. 
This section, or any part or parts thereof, must not be 
reproduced in any form without permission of the 
copyright owner. 

NOTE: The information presented in this section is 
believed to be accurate and reliable. However, no 
responsibility is assumed by Unitrode Corporation for 
its use. 


Doorbell®, Chipstrate®, and Magnum® are 
registered trademarks of Unitrode Corporation. 
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APPLICATION NOTE 


U-66 


PROGRAMMABLE UNIJUNCTION TRANSISTORS 

INTRODUCTION 

The Programmable Unijunction Transistor is today's preferred device for low cost timing circuits, 
oscillators, sensing circuits, and a wide range of other applications where a variable voltage level 
threshold is desired. This note describes the principle of operation of the PUT, its electrical char- 
acteristics, and its various applications. 

PRINCIPLE OF OPERATION 

The PUT is a three- terminal device as shown in the schematic representation. Fig. la. The anode 
voltage Vy\ and the gate voltage Vq are measured with respect to the cathode (k). The corres- 
ponding anode, gate and cathode currents are given respectively by l/\, \q, and l^. The most 
general usage of a PUT involves an external gate resistor Rq as shown in Fig. la. Hence, the volt- 
age generally referred to in characterizing PUT's is the applied voltage Vs rather than the gate 
voltage Vq which is less than Vs by the voltage drop across Rq. 

The theory of operation of the PUT can perhaps be best understood by considering that It Is a 
four-layer (PNPN) device, as is a silicon-controlled rectifier (SCR). The basic PUT structure is 
shown In Fig. lb, in which it is noted that the gate is adjacent the anode, in contrast to an SCR in 
which the gate lead is adjacent the cathode. As shown in Fig. 1c, the PUT, has a two-transistor 
analogy, which is similar to that used to explain the operation of an SCR, except that the gate 
connection is common to the PNP base and the NPN collector. Regenerative switching occurs 
when the sum of the alpha's dynamically approach unity. The net result is that when the anode 
voltage exceeds the gate voltage by an amount equal to the emitter to base drop of the PNP trans- 
istor, the positive feedback drops the anode-cathode voltage and presents a negative resistance. 



Figure la. PUT Parameters 


Figure 1b. PUT Structure 
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APPLICATION NOTE 


U-66 


A (Anode) 



Figure 1c. Two Transistor Analogy 


ANODE CHARACTERISTIC 

The PUT, together with Rq as shown in Fig. 1a, exhibits a negative resistance characteristic illus- 
trated in Fig. 2 for a fixed value of Vs and Hq. For anode voltages less than the peak voltage Vp 
at which a current \q/^ flows. (Region I), expositive incremental resistance results. For anode 
currents above the valley current l\/, which occurs at the valley voltage Vy (Region ill) a positive 
incremental resistance also occurs. However, for anode currents between the peak point current 
Ip and the valley current ly (Region II) the incremental resistance is negative. This region is un- 
stable and forms the basis for use in oscillator circuits. With less than V 5 forward anode cur- 
rent flows. At the peak current point. Ip where V/\ exceeds Vp the PUT will regeneratively 
switch to Its low impedance state: anode current increases rapidly to a level limited by external 
load resistance. The PUT will remain on this ''ON STATE" until the anode current is reduced to 
a level below the valley current, ly. At this point the PUT returns to its blocking or "OFF 
STATE", because operation in the negative region is unstable. Operation In the region between 
'o and I y will be covered in detail. 



Figure 2. PUT Characteristics 
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APPLICATION NOTE 


U-66 


ADVANTAGES 

The primary advantage of the PUT over the UJT is the programmability of operating parameters 
such as peak point current (Ip), valley current (ly), and offset voltage (Vj), which is defined as 


Vj = Vp - Vs 


( 1 ) 


These are easily programmed over a range by the choice of circuit components. Shown in Fig. 3 
are the relationships between Ip and ly vs stand off voltage (V 5 ) and gate source Impedance 
(Rg). As observed from Fig. 3, operation at higher voltages allow a greater spread between Ip and 
ly. The significance of this becomes apparent in applications where the negative resistance 
(Region II, Fig. 2) must be large and must remain relatively broad over a temperature range. 


Other advantages of the PUT over the UJT are: 

1. Lower current drain through R^ and R 2 ; the UJT required several milliamperes of 
current. The PUT micro amperes of current. 

2. Lower peak point current of the PUT allows use of larger Rt (timing resistor) there- 
fore, the may be smaller for the same time delay hence, lower in cost. Lower capac- 
itance values also result in lower leakage current and lower temperature coefficient. 

3. Higher efficiency is available due to greater energy transfer from the capacitor to the 
load. The on state voltage (Vp) Is considerably lower for a PUT than for a UJT. 

4. High or low operating voltages may be used; V 5 as low as 2V or greater than 40V will 
operate the PUT. 

5. The PUT has an overall extended operating range due to programmability of Ip and ly. 

6 . Greater uniformity of triggering point. Stand off ratio 77 is not determined by manu- 
facturing tolerance. 



•g 



Gate Source Current (mA) 


Figure 3. 
15-7 
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APPLICATION NOTE 


U-66 


BASIC PUT OSCILLATOR 

An analysis of the basic PUT oscillator demonstrates the inter-relationship of parameters. From 
Fig. 4b, the voltage Va changes at a rate determined by the charging path. When the PUT Is 
operating in Region I, the anode voltage is given by 

Vg = Vbb (2) 

The standoff voltage is related to the supply voltage Vgg 


Vs = ^Vbb 


where 


r] 


R 


1 


R-j + R2 


(3) 


( 4 ) 


Triggering is accomplished when the voltage on the capacitor reaches the standoff voltage Vg; 
plus the offset voltage V j, i.e. 

Vbb (1-e-t/f^tCt)-VT = T)VBB (5) 


The switching time occurs at 
t = in / — 
li-r 


-Vn 


V 


BB 


( 6 ) 


Vj varies only slightly with temperature having a temperature coefficient of about 2.5 mv/^C. 


Advantages of the PUT over the UJT are readily observed by comparing their operation in a sim- 
ple relaxation oscillator circuit. Figure 4a shows a typical UJT oscillator with the simplified UJT 
model. In the off state the resistance ratio at the Intersection of r^ and r 2 is a fixed value repre- 
sented by V (intrinsic stand off ratio). This ratio which determines the device triggering voltage 
is established in the manufacturing process by the resistance of the silicon material and the diode 
contact. Manufacturing tolerance result In values of V which typically range in value from about 
0.4 to 0.9. Replacing the UJT with a PUT results in stable operation in any given circuit (Fig. 
4b). The parameter stand-off ratio r) Is now established exclusively by setting the value of R 2 
and R-| and remains relatively temperature stable. Ip and ly are controlled by gate source resis- 
tance Rg and stand off voltage V 5 (Fig. 3). A detailed discussion of the PUT oscillator will be 
given. 



Typical UJT Oscillator 


UJT Model 


Figure 4a. 
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APPLICATION NOTE 


U-66 


V 


BB 



+ R2 


Standoff Ratio 


^ Standoff Voltage 

V-p = Vp — Vg Offset Voltage 


R = ^1^2 Gate Source . . 

^0 + R 2 Resistance 


CONDITIONS FOR OSCILLATION 

Switching on takes place at the peak point (Ip) switching off requires that current through the 
PUT be less than the valley current (l\/). Therefore, the load line must intersect the characteris- 
tic curve in the negative resistance region Fig. 5 and must be above the Ip point. 


CONDITION FOR SUSTAINED OSCILLATION 

(max) > Ip (max) 


Vbb - Vp 


Ri 


Vbb “ ^ 


V 


This condition insures current 
levels greater than the Ip 

This condition insures current 
levels lower than the ly 


( 8 ) 


(9) 


1 - 77 » 




This condition insures more 
stable operation. 
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CONDITIONS FOR ONE SHOT OPERATION 





> Ip (max) 


'^BB ~ . 

>'V 


must be satisfied. Since the load current Is in the positive resistance region, the PUT will LATCH 
on and remain on. 

PUT OFFSET COMPENSATION 

In order to compensate for offset voltage (Vj) temperature shift, a diode D-i forward biased 
through Rq may be used Fig. 6. The value of Rq Is selected by: 


R - ^BB 
^ Ip (max) 

A diode having a forward voltage temperature characteristic similar to the offset voltage tempera- 
ture coefficient (TC) would provide optimum compensation. 



Figure 6. Offset Compensation Methods 
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U-66 


TUNABLE FREQUENCY OSCILLATORS 

Variable oscillator circuits which include active elements for discharging the timing capacitor Cj 
are shown in Fig. 7. A second method is given as in Fig. 8. 


Vbb 



R2 

5.6KP. 


Rl 

15KP 


FREQUENCY RANGE 
40 Hz to 40 kHz 

OUTPUT PULSE 
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DESIGN EXAMPLE 

A relaxation oscillator. A trigger generator is needed to provide a pulse of energy. 

The required repetition rate is 1000 pulses per second. A power source of 20 Vdc is available. 

Step 1 Select the value of and R2 based on Ip, ly requirements. For Rq = 10K^2, 
(Fig. 3) R-i ~ 27K12, R2 16K12 this will give an 17 of ~ 0.63. (Equations 7 and 4). 

Step 2 From Fig. 9 with T given as 0.001 sec and r} of 0.63. R^C^ = 0.001, T/RjCj = 1 

@ Tj = 0.63. 

Step 3 The condition for sustained oscillation must be satisfied (equations 8 and 9) 
hence, 275K < R^ < 1 .4 meg (using spec values for a 2N6027). 

Step 4 The value of capacitance is chosen by considering the rise time and energy 

required. Since RjCj " 0.001 the Cj range is 0.0007 < Cj < 0.0036jLifd. 

Choose a standard value of capacitance and resistance. For example, Cj = 0.002iufd 
and Rj = 470K^2 (Standard Value). 

For this example Rt = 470Kn, = 0.002iufd. A cathode resistance of 20Q will provide a 

pulse of current of 130 ma with a pulse width of 300 nsec. 



0 .1 .2 .3 .4 .5 .6 .63 .7 .8 


Stand Off Ratio 77 
Fig. 9 
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SWITCHING REGULATOR DESIGN GUIDE 

I. The Advantages of the Switching Regulator 


Unlike conventional “dissipative” series or shunt 
regulators, in which the power-regulating transistor 
operates in a continuous-conduction mode, dissipat- 
ing large amounts of power at high load currents - 
especially when the input-output voltage difference is 
large- the switching regulator has high efficiency 
under all input and output conditions. Furthermore, 
since the power-transistor “switch” is always either 
cut off or saturated (except for a very brief transition 
between those two states), the switching regulator 
can achieve good regulation despite large changes in 
input voltage, and maintains high efficiency over wide 
ranges in load current. 

Because the switching regulator regulates by varying 
the ON-OFF duty cycle of the power-transistor switch, 
and the switching frequency can be made very much 
higher than the line frequency, the filtering elements 
used in the power supply can be made small, light- 
weight, low in cost, and very efficient-i.e., with almost 
negligible power losses. It is possible to drive the 
switching regulator with very poorly filtered DO (in 
fact, in high-power applications, three-phase rectifi- 
cation without filtering of any kind is often used to 
develop the input DC from the power line), thereby 
eliminating large and expensive line-frequency filter- 
ing elements. 

Finally, it is possible to design switching regulators 
with excellent load-transient properties, so that step 
increases of load current cause relatively small in- 
stantaneous changes in output voltage, recovery from 
which is essentially completed in a few hundred 
microseconds. 

The switching regulator has become increasingly 
popular in new-equipment designs, not only in aero- 
space and defense applications, but in computers, 


industrial process control systems, instrumentation, 
and communication. 

Compared to the dissipative regulator, the switching 
regulator does have some disadvantages which pre- 
clude its use in some applications. The primary power 
source delivers current to the switching regulator in 
pulses which, for efficiency reasons, have short rise 
and fall times. In those applications where a signifi- 
cant series impedance appears between the supply 
and the regulator, the rapid changes in current can 
generate considerable noise. This problem can be 
reduced by reducing the series impedance, increas- 
ing the switching time, or by filtering the input to the 
regulator. 

A second problem of the switching regulator, com- 
pared to the dissipative regulator, is its response time 
to rapid changes in load current. The switching regu- 
lator will reach a new equilibrium only when the 
average inductor current reaches its new steady-state 
value. In order to make this time short, it is advan- 
tageous to use low inductor values, or else to use a 
large difference between the input and output voltage. 

Improved circuits for controlling switching regulators 
have been developed at Unitrode, thereby eliminating 
some earlier design constraints and optimizing the 
performance attainable with available hardware. 
These new circuits permit taking full advantage of the 
economy and efficiency of the Unitrode P1C600 
Series Flybrid Power Switch. 

The design approach used herein is believed to be 
original, and to be clearly superior to earlier methods 
of calculating the key parameters and designing the 
power inductor . . . yielding explicit, accurate results 
in significantly less time than the approximate equa- 
tions in common use. 
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II. The Switching Regulator Described 

and Characterized 


The basic configuration of a switching regulator is 
shown in Figure 1. It accepts a DC voltage input, Bin, 
and regulates a DC ouput voltage, Eo, despite varia- 
tions in Bin and load current. Although the static regu- 
lation, dynamic regulation, and ripple rejection of this 
type of regulator cannot be as easily optimized as they 
can in a continuous (so-called “dissipative”) series 
regulator, its efficiency, power density (Watts output 
per cubic inch) and economy are all markedly superior 
to the series regulator . . . particularly for low-voltage, 
high-current supplies. Unlike a series regulator, it 
maintains high efficiency with high input voltages. 
Switching regulators can thus be employed with high 
efficiency to derive low voltage outputs from a high 
voltage unregulated supply. 

All of these advantages derive from the method of 
regulating the output voltage; by varying the duty 
cycle of a power-transistor switch, rather than varying 
the voltage drop across a power transistor operating 
in the linear mode. Because the switch (Q1 in Figure 
1) is always in the saturated state when it is conduct- 
ing, and is otherwise completely non-conducting (ex- 
cept for a brief commutation time between the ON and 
OFF states), the power dissipated in the regulator is 
much lower than it would be in a series regulator for 
the same input and output conditions. 

The basic switching regulator circuit functions 
as follows: 

The control circuit causes transistor switch, 01, to 
switch on and off at a predetermined frequency, f. 
During the time that 01 is on, ton, the input voltage, 
Bin, is applied to the input of the LC filter, causing 
current ii to increase. When 01 is off, the energy 
stored in the inductor, L, maintains current flow to the 


load, circulating through “catch” diode D1. The input 
of the LC filter is now at zero Volts, ii decreases to 
its original value and the cycle repeats. 

The output voltage, Eo, will equal the time average of 
the voltage at the input of the LC filter: 

Eo = Bin ton/r 

where: r = 1/f 

The control circuit senses and regulates Eo by con- 
trolling the duty cycle, a = ton/r. If Bin increases, 
the control circuit will cause a corresponding reduc- 
tion in the duty cycle, a, so as to maintain a constant 
Eo. 

Eo = a Ein 



Figure 1. Switching Reguiator Basic Configuration 
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Figure 2. Switching Regulator Waveforms 
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Figure 2 shows some of the important waveforms and 
equations which define the operation of the switching 
regulator power circuit. The following discussion is 
based on several simplifying assumptions which are 
explained and justified or corrected in Appendix A. 
The most significant assumptions are to neglect the 
saturation voltage of Q1 , the forward drop of D1 , and 
the series loss resistance, Rs, of the inductor, L. 

Figure 2a shows the voltage across inductor, L, which 
equals (Bin - Eo) during U, and (-Eo) during Uf. 
Under equilibrium conditions, when output load cur- 
rent, lo, is constant, the average voltage across L 
must, by definition, equal zero. 

Figure 2b shows the current ii through the inductor. 
Under equilibrium output current conditions, the in- 
crease in current during ton, Aii, must equal the de- 
crease in current during toff. The average value of ii 
equals the output current, lo. 

Figure 2c shows current iz through the capacitor, 
which is equal to (ii - lo). The average value of 
ia = 0, and Ai 2 = Aii. Current i 2 causes a ripple volt- 
age to appear at the output. The output ripple voltage, 
eo, has two components, a capacitive component, Vc, 
and a resistive component, Vesr, caused by the equiv- 
alent series resistance of the capacitor. 

Figure 2d shows the capacitive component, Vc, of the 
ripple voltage, which is the time integral of the capaci- 
tor current, i 2 . Note that Vc is the integral of a triangular 
wave, and is not sinusoidal. Also note that Vc is in 
“quadrature” with i 2 , in the sense that Vc min and Vc 
max occur at times A and B, midway in the U and toff 
intervals, when i 2 is zero. The total charge, AQ flowing 
into C is computed graphically by finding the area of 
the triangular current waveform between time A and 
time B (Area = y 2 bh; AQ = V 2 x t/2 x Ai2/2). The 


peak to peak capacitive ripple component Avc = 
AQ/C = Aii/8fC. (The factor 8f for a triangular cur- 
rent waveform is comparable to 27rf for a sinusoidal 
input current.) 

Figure 2e shows the resistive component, Vesr, of the 
ripple voltage which simply equals i 2 x ESR, and is 
in phase with i 2 . 

Figure 2f, the total output ripple voltage, eo, is the sum 
of the waveforms in Figures 2d and 2e. Note that since 
Vc and Vesr are in quadrature, the greater of these two 
components dominates, and for all practical purposes 
the peak to peak output ripple voltage, Aeo, is equal to 
either Avc or Avesr whichever is greater. 

The magnitude of Vesr in comparison with Vc shown in 
these waveforms is not exaggerated. Indeed, when 
designing a switching regulator to operate at frequen- 
cies greater than 20 khlz in order to achieve small size 
and low cost in the L and C filter elements, the ESR of 
the capacitor usually dominates completely. Even 
when high quality capacitors (low ESR) are employed, 
it is usually necessary to use a larger capacitance 
value than would otherwise be required in order to 
realize the ESR required to achieve the ripple objec- 
tive of the design. 

With conventional free running switching regulator 
control circuits, capacitor ESR also causes very sig- 
nificant departure from the design frequency, which 
can result in large ripple magnitude, inductor satura- 
tion, and switching transistor failure. In the circuits 
developed at Unitrode and presented in the next 
section, the frequency-variation effect caused by ESR 
is effectively eliminated, leaving only the ripple con- 
sideration. 

Detailed design considerations for switching regulator 
power circuits are contained in Section IV. 
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III. Applications Circuits for Switching Regulators 


The design and performance of conventional switch- 
ing regulators are usually dominated by the ESR of the 
output capacitor. However, in the group of circuits 
described in this section, the following parametric re- 
lationships and circuit characteristics are easily and 
economically attained: 

• The switching frequency may be selected 
and established at the optimum value for the 
switching components, and will be Inde- 
pendent of the value of the ESR of the output 
capacitor. 

• The value of toff is held relatively constant, 
over wide ranges of load current and input 
voltage, and independent of the ESR of the 
output capacitor. Constant toff results in con- 
stant ripple current and output ripple voltage. 

• Settable overcurrent limiting is provided, 
thereby protecting both the load and the 
switching transistors under all conditions, 
and preventing saturation of the power in- 
ductor during the startup transient period, 
thereby minimizing startup overshoot. 

• The overcurrent limiting circuit is significantly 
lower in dissipation than conventional 
current-limit-feedback arrangements. 

• The drive current to the power output (switch) 
stage is regulated to a pre-determined value, 
for best efficiency and optimum switching 
speed. Drive current is automatically in- 
creased at low temperatures and decreased 
at high temperatures, thereby maintaining 
optimum drive conditions for the power 
switch. 

Note that, although the use of this circuit approach 
permits essentially constant “toff" operation even with 
capacitors having relatively high ESR, the output 
ripple voltage is increased by high ESR. (If the ripple 
developed across ESR is significantly larger than that 
developed across C, then the ripple is essentially 
proportional to ESR.) 

Not all of the circuits that follow have all of the virtues 
listed above, but the exceptions will be noted. Figure 


3 typifies this family of regulators. It is shown imple- 
mented by the popular LM305 regulator 1C, and a 
Unitrode Series PIC600 Hybrid Power Switch, com- 
prising a quasi-Darlington switching transistor, a fast 
recovery catch diode, and transistor bias resistors, 
all matched for optimum efficiency and switching 
speed (up to 100 kHz without derating). The configura- 
tion of Figure 3 is a positive output regulator, with 
performance characteristics as follows: 

Ein = 20 to 40V 

Eo = 5V ± 1% 

ACo = 100 mV p-p (2% p-p ripple) 
lo = 2to10A 

Iso = 12A 

Regulation versus Ein (20 to 40V) <25 mV 

Transient Recovery Time for step change in load 
current from 2A to 10A, or 10A to 2A <150 
ftsec. 

f = 50 kHz nominal 

Efficiency >70% 

The circuit of Figure 3 operates in the fixed-off-time 
mode; hence, output ripple is independent of input 
voltage over wide ranges. In this circuit, two feedback 
signal paths are provided: 

• DC Feedback. A fraction of the DC output 
voltage, Eo, is fed back to the inverting input 
of the LM305 through voltage divider R1 , R2. 
The DC voltage at the inverting input is com- 
pared to a reference voltage (approximately 
1 .8V) within the LM305, and the LM305 regu- 
lates Eo so that the voltage fed back to the 
inverting input is essentially equal to the built 
in reference voltage. The R1 , R2 divider ratio 
therefore establishes the level of the DC out- 
put voltage, Eo. Resistor R5 improves output 
voltage regulation versus input voltage 
changes by feeding a small compensating 
voltage proportional to the input voltage into 
the inverting input of the LM305. 
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• AC Feedback. Capacitor C1 feeds back an AC 
voltage waveform to the inverting input of the 
LM305. This voltage is proportional to the out- 
put ripple voltage plus the AC voltage devel- 
oped across Ri, ACo + Avri. 

Capacitor C2 feeds back an AC voltage to the 
non-inverting input of the LM305. This voltage 
is proportional to the output ripple voltage plus 
the AC voltage across R3, Aeo + Vrj. 

When the circuit values are properly established, the 
same, fraction of Aeo is fed back to both inverting and 
non-inverting inputs, thereby effectively cancelling. 
The operation of the switching regulator is thus ren- 
dered independent of the output ripple voltage de- 
veloped across the C or ESR of the output capacitor. 

Since the Aeo components cancel each other, the 
LM305 essentially compares Avri at the inverting input 
to Avr 3 at the non-inverting input. Voltage Avr 3 is a 
rectangular waveform with a peak-to-peak amplitude 
equal to I drive x R3, where I drive is the base drive 
to the hybrid switching transistor provided by the 
LM305, and Avri is a triangular waveform with a peak- 
to-peak amplitude equal to Aii x R,, where Aii is 
the ripple current through inductor L. When the drive 
current is on, Avr 3 is at its peak positive amplitude. As 
ii increases, Vri increases proportionately. When the 
positive amplitude of Avri reaches Avr 3 , this causes 
the LM305 to switch off the drive current, Avr 3 imme- 
diately drops to its peak negative amplitude, and ii 
starts to fall. When Avri reaches a negative amplitude 
equal to Avr 3 , the LM305 switches the drive current 
back on, and the process repeats. In this manner, the 
LM305 controls the power switch so that Aii is fixed. 
Since Uf = Aii x L/Eo, with fixed values of L and 
Eo, toff is fixed and independent of changes in Ein 
or capacitor C or ESR values. 

R4, connected between pins 1 and 8 of the LM305, 
establishes the desired level of base drive for the 
PIC600 Series Hybrid Power Switch, and determines 
the hysteresis voltage across R3. 


Current-limiting action is provided by transistor Q1, 
the collector of which is connected to the “gate” or 
“inhibit” terminal of the LM305 (pin 7). When the load 
current is normal, Q1 is cut off and pin 7 floats; but 
when the voltage drop across Ri increases to a value 
greater than the sum of Vbe (Q1) and Vr 3 , Q1 turns on, 
cutting off the drive current from the LM305 and, ulti- 
mately, the power switch. This cutoff action is made to 
“latch” by the fact that, with the drive cut off, Vr 3 dis- 
appears. This keeps Q1 on, until the current through 
Ri drops significantly - enough to make the voltage 
drop across Ri fall below the Vbe of Q1 . 

The current through Ri, following such an overload 
cutoff action, falls linearly at the rate of Eo/L. When 
Q1 is cut off, drive current is restored. The circuit will 
then continue to switch on and off at a frequency com- 
parable to normal operation, with the average current 
limited at the design limit, and power dissipation held 
to safe values. 
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Transient response of the switching regulator of 
Figure 3 is shown in Figures 4, 5, and 6. 



It is usually necessary to employ a noise filtering 
capacitor across the input of any switching regulator. 
This functions to prevent the steep waveform of the 


rectangular current pulse associated with the power 
switch turning on and off from propagating into the 
Bin supply line. The capacitance value required is a 
function of the impedance characteristics of the Bin 
supply and intervening wiring. Watch out for under- 
damped resonance with the inductance of the input 
wiring, or transient induced ringing may occur. The 
input capacitor must have short leads, and the ground 
side should preferably be connected directly to the 
ground side of the output filter capacitor. 

A 10A negative voltage switching regulator, utilizing 
an LM304 and PIC600 series, is shown in Figure 7. 

A reference voltage is determined by resistor R1 and 
R2. The error amplifier controls the output voltage at 
twice the voltage across R2. Diode D1 is used to en- 
sure a potential difference of less than 2V at the un- 
regulated input (pin 5) with respect to the reference 
supply (pin 3). (If the unregulated supply terminal gets 
more than 2V positive with respect to reference sup- 
ply, the collector isolation junction of transistor Q6 of 
LM304 becomes forward biased and disrupts the 
reference.) 

Current limiting is achieved, in Figure 7, by means of 
reducing the reference voltage to ground with the 
help of transistor Q1 and resistor R8, instead of turn- 
ing off the base drive to the power output switch as 
in Figure 3. 

The functions of the rest of the components and the 
operation of the switching regulator are the same as 
described for Figure 3. 

A positive switching regulator using a /xA723 is shown 
in Figures. 

The basic performance and circuit operation is the 
same as Figure 3. 

The circuit shown in Figure 9 is a high voltage positive 
switching regulator. Because the LM305 (like almost 
all IC regulators) cannot be operated at supply voltage 
in excess of 40V, this circuit uses a fraction of Bin as 
a power supply for the IC circuit by means of zener 
diode and current limiting resistor R9. The voltage 
isolation between LM305 and power switch, and the 
regulated base drive to the power switch are provided 
by transistor Q2. 
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The basic operation of the circuit and design ap- 
proach is the same as that of a low voltage positive 
switching regulator. 

The circuit shown in Figure 10 is a negative high volt- 
age switching regulator. 




This circuit is similar to the low voltage negative 
switching regulator with a minor modification. Tran- 
sistor Q2, resistor R1 0 and R1 1 are all used to provide 
regulated base drive to the power output stage and 
also to provide the voltage isolation between power 
output stage and LM305. The resistor R9 is used to 
limit current through zener diode under steady state 
and startup conditions. 
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IV. Designing the Power Circuit 


In designing a switching regulator power supply, the 
following parameters will normally be predefined. 
Specific values shown for each parameter will be used 
as the basis for a design example: 


Eo = 

AOo = 

lomax = 
lomin == 
Ein max = 
Einmin = 


5V Output Voltage 

1 00 mV Output Ripple Voltage, 
Peak to Peak 

1 0A Output Ourrent, Full Load 
2A Output Current, Minimum Load 
40V Input Voltage, Maximum 
20V Input Voltage, Minimum 


The first step in the design is to decide on the operat- 
ing frequency of the switching regulator. No concrete 
rules can be given for this decision. 


High frequency operation is distinctly advantageous 
in that the cost, weight and volume of both L and C 
filter elements are reduced. However, above the fre- 
quency where the capacitor ESR exceeds its capaci- 
tive reactance, no further reduction in capacitor size 
or cost will occur. This frequency, in the range of 1 -50 
kHz, depends upon the “quality” of the capacitor in 
terms of ESR. Above this frequency, the inductor will 
continue to diminish in size and cost, although when 
the inductor reaches a very small size, cost will 
level off. 


Operation above 20 kHz is desirable to eliminate the 
possibility of audio noise. 

The main factor limiting high frequency operation is 
the drop in efficiency caused by switching losses in 
the power switching transistor and “catch” diode. The 
higher cost of these fast switching semiconductors re- 
quired to operate efficiently at high frequencies must 
be weighed against the reduced cost, size and weight 
of the L and C components to arrive at the optimum 
frequency for any specific application. It may be de- 
sirable to work the design through at several frequen- 
cies in order to make a decision. 


In the specific application defined at the beginning of 
this section, the power output (Eo x lo max) is SOW. 


Referring to the specification for the Unitrode PIC 
625/635 Hybrid Power Switch, the DC losses (Tran- 
sistor VcEsat, Diode Vf) under the conditions of this 
application amount to 10W. The following tabulation 
shows the switching losses and overall efficiency at 
several frequencies. 


Frequency 

1 kHz 

20 kHz 

50 kHz 

100 kHz 

Power output 

50 

50 

50 

50 

DC losses 

10 

10 

10 

10 

Switching losses 

0.05 

1 

2.5 

5 

Total power input 

60.05 

61 

62.5 

65 

Realizable efficiency 

83.3% 

82% 

80% 

77% 

For our example. 

we will 

choose 

a frequency of 


50 kHz, even though the efficiency is not significantly 
reduced at 100 kHz. At 100 kHz most currently avail- 
able tantalum and aluminum electrolytic capacitors 
begin to exhibit series inductance. 

Transistors and diodes which do not have the fast 
switching capabilities of the PIC 625/635 will be- 
come efficiency limited at much lower frequencies. 
Note that in this specific application, a dissipative 
regulator design will incur power losses in the series 
transistor of 350W, resulting in an efficiency of 12.5 
percent! 

The control circuits shown in the previous section 
control the on-off switching periods by sensing and 
controlling the ripple current, Aii, through the inductor 
L. This mode of operation results in a constant ripple 
current and (assuming Eo and L are fixed) constant 
off time, toff, independent of input voltage. The rela- 
tionship between Lff, f, Eo, and Ein is as follows (from 
Figure 2a); 


toff = (1 - Eo/Ein) / f 

With toff and Eo fixed by the control circuit, f will 
change when Ein changes, and f will be maximum 
when Ein is maximum. In our specific example, 

f max = 50 kHz 
Ein max = 40 V 
Eo = 5V 
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so that; 


U = (1 - 5/40) / 50,000 = 17.5/xsec 
Now, with toff fixed at 17.5 /xsec, if Ein changes to Ein 


fm 


20V, 

(1 - Eo/Ein) 

toff 


(1 -5/20) 
17.5 X 10-^6 


43 kHz 


The fact that the frequency changes slightly with Ein 
is really not important, as stated earlier, because con- 
stant toff operation results in more constant output 
ripple than constant frequency operation. 


Having determined (or assumed) the maximum oper- 
ating frequency and calculated toff, we next proceed to 
find specific values for L and C. L and C together form 
a low pass filter which reduces the rectangular wave- 
form at the filter input to a DC output voltage, Eo, with 
a small amount of ripple, Aeo, superimposed. To 
achieve a specified Aeo requires a specific LC prod- 
uct, independent of load current. Theoretically, this 
LC product can be achieved with any L/C ratio - small 
L and large C, or large L and small C (or very large L 
and no C at all, using instead the load resistance Rl as 
one element of an L/R filter). There are, however, sev- 
eral practical economic and performance considera- 
tions that apply to selecting specific L and C values. 

It is favorable to push in the direction of small L and 
large C for the following reasons; 

1. Under the power and frequency ranges 
commonly encountered in switching regu- 
lator circuits, it costs more to store energy 
in an inductor than in a capacitor. Also, an 
inductor will have considerably greater 
weight and volume than a capacitor with 
equal energy storage capacity. Small L and 
large C, within the limits defined below, will 
usually result in the lowest cost, weight and 
size design. 

2. Small L and large C results in low ‘‘surge 
impedance" of the filter, hence better tran- 
sient behavior with step changes in load 
current. 


3. Losses in a practical inductor are higher 
than in a capacitor with equal energy stor- 
age capacity (assuming low ESR). This 
again argues for small L, large C. 

One major objection to a low L/C ratio is that it causes 
large and sometimes intolerable overshoot in input 
current and output voltage on startup, when the circuit 
is first energized. Input current overshoot can saturate 
the inductor and destroy the switching transistor. The 
current limiting feature of the applications circuits 
shown in Section III effectively controls the startup 
transient, thereby protecting all components and mini- 
mizing voltage overshoot. With current limiting, this 
problem is eliminated and no longer pertains to the 
selection of L and C values. 

Referring to Figure 2b and its associated equations, 
the peak-to-peak ripple current through the inductor, 
Ail, is inversely proportional to the inductance, L. As L 
is made smaller, Aii increases. Maximum limits on Aii 
determine how small L is permitted to be, as follows; 

1 . The instantaneous current through L ranges 
between a maximum of lo -L Aii/2 and a 
minimum of lo - Aii/2. If Aii/2 is permitted 
to become larger than lo, the minimum in- 
ductor current becomes a negative value. 
This is impossible, since neither the switch- 
ing transistor nor the "catch" diode will 
conduct. Therefore, the switching regulator 
goes into a discontinuous mode of opera- 
tion which is perfectly safe, but the fre- 
quency changes considerably and regula- 
tion with output current changes becomes 
relatively poor. The worst case considera- 
tion to insure that discontinuous operation 
does not occur is to make Aii/2 equal to the 
minimum load output current, lo min, or 
Ail = 2 lo min. 

It is not practical to apply this criterion if lo 
min is very small (<0.05 lo max) because 
Ail would then be very small, forcing an im- 
practically large L value. In applications 
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where lo min is very small, there are two 
alternatives: (a) raise lo min by preload- 
ing the supply, or (b) make Aii = 2(0.05 
lo max) = 0.1 lo max realizing that when 
lo becomes less than 0.05 lo max, the dis- 
continuous mode will occur. 

2. The maximum peak current is equal to the 
full load current, lo max + Aii/2. As L is 
decreased, the corresponding increase in 
Ail will begin to cause a significant increase 
in the maximum peak current. Since the in- 
ductor must be designed not to saturate at 
the maximum peak current, this begins to 
negate the cost, size and weight advantages 
of making the L value smaller. Higher peak 
currents will have an adverse effect on effi- 
ciency and transistor drive requirements, 
and may require transistor and “catch” di- 
odes with higher current ratings (and higher 
cost). It is, therefore, recommended that 
Aii/2 be no greater than 0.25 lo max, which 
will limit the maximum peak current to 1 .25 
lo max, or Aii max = 0.5 lo max. 

In summary: 

Ail = 2 lo min, within the following 

somewhat arbitrary limits: 

Ail min = 0.1 lo max 

Ail max = 0.5 lo max 

In our example, lo min = 2A, lo max = 10A. Calcu- 
lating Ail = 2 lo min = 4A, which is acceptable 
since Aii max = 0.5 x 10A = 5A, and Aii min = 0.1 
X 10A = 1A. 

Now that toff and Aii have been determined, L can be 
calculated as follows: 

_ E o X toff 
“'Ail 


5 X 17.5 X 10 6 


21.9/xH 


The final step is to determine the requirements for 
the capacitor C and ESR values which will result in the 
desired output ripple voltage, Aeo. Since the two com- 
ponents of ACo ; Avc and Avesr, are in “quadrature”, 
we can consider each component separately, with a 
worst case error of less than 20 percent when both 
components are equal. This much error is highly un- 
likely, since the ESR component usually dominates 
completely when operating at high frequencies. 

From Figure 2d: 


note that C varies inversely with f. In order to achieve 
Avc less than the desired maximum Aeo, the minimum 
value for C must be determined at the lowest fre- 
quency, fn„n, calculated previously. 


C min = 


Ail 

8fn„nAeo max 

4 

8 X 43 X 103 X 100 X 10-3 
114/>tF 


From Figure 2e: 

ESR max 


Av ESR __ Aeo max 
Ail ~ Ai] 
100 X 10-3 
4 

0.025a 


With high frequency operation, capacitor ESR usually 
dominates, forcing the use of a C value much greater 
than C min in order not to exceed ESR max. 

Subsequent sections deal with designing the inductor 
and selecting the capacitor and other components of 
the switching regulator. 
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V. Design of the Power Inductor 


This simplified nomographic method facilitates se- 
lecting the smallest core that will achieve the desired 
characteristics of the power inductor. This procedure 
is useful in selecting the proper core and determining 
wire size, number of turns, copper losses, and tem- 
perature rise. It also permits investigating the effects 
of change in assumed initial conditions and in “trim- 
ming" the design. 

A detailed analysis of this inductor design procedure 
is contained in Appendix B. 

Tables 1 and 2 give core parameters for a variety of 
commonly used ferrite pot cores and Mo-Permalloy 
toroids. (Note: There is no significance to the selec- 
tion of manufacturers, nor is any intended. Many man- 
ufacturers make roughly equivalent cores in these 
sizes, with similar magnetic properties.) 

Ferrite and Mo-Permalloy powder are excellent core 
materials for the switching regulator inductor. Since 
the rms AC current through the inductor is small 
compared to the DC current, AC losses in the winding 
and core losses will be negligible compared with DC 
winding losses. 

Selection of the proper core for a specific application 
is a process concerned with two factors; (1) The core 
must provide the desired inductance without saturat- 
ing magnetically at the maximum peak overload cur- 
rent, ii max. In this respect each core has a specific 
(L| 2 ) 3 gi energy storage capability. (2) The core must 
have a window area for the winding which admits the 
number of turns necessary to obtain the required in- 
ductance with a wire size which will result in accepta- 
ble DC losses in the winding at the full load output 
current, lo. Each core has a specific (L|2)diss capability 
that will result in a specific power loss or temperature 
rise. 

The significant core parameters are primarily core 
size and the magnetic gap in series with the flux path. 
Consider a very small (for the application) ferrite pot 
core with no air gap. The effective permeability, 
will be very large because there is no gap. Relatively 
few turns will be required to achieve the desired in- 
ductance, and the power loss at lo will be small, but 
the core cannot store the required energy L(ii max)^ 
without saturating. If we introduce a gap into this core, 
the energy storage capability increases (the extra 
energy is actually stored in the gap, not in the ferrite 
material). However, the gap causes the effective per- 
meability to drop, which requires more turns of finer 
wire to achieve the desired inductance. If the core is 


too small, as the gap is increased to the point required 
to achieve the necessary energy storage capability 
without saturating, the DC resistance of the increased 
number of turns of finer wire has increased to the 
point where the power dissipation and temperature 
rise is too great. This conflict is resolved by going to 
a larger core with appropriate gap. 

To facilitate core selection. Tables 1 and 2 contain 
tabulated values of (L| 2 ) 33 t energy storage capability 
(saturation limited) and (L| 2 ) 25 c capability (based on 
power dissipation resulting in 25°C temperature rise). 
These values have been calculated for various size 
cores with different gaps, by methods described in 
Appendix B. Also given in the tables are the power 
dissipation corresponding to a 25°C rise for each core 
size, and the effective window area for the winding, 
Aw'. Tabulated Al values relate to different gaps. (Al is 
the inductance index at a particular gap setting - 
defined as the inductance in mH for 1 000 turns.) 

The optimum cores for switching regulator inductor 
applications generally have quite large gaps, and 
consequent relatively low Al values. This is fortuitous, 
since the core properties are then dependent mostly 
on the gap itself, and variations in the magnetic ma- 
terials of the core are swamped out, resulting in 
excellent stability and linearity. Note, however, that 
in the ferrite pot core table, many of the lower Al 
values are not supplied as stock items by the manu- 
facturer, and the desired gap must be ground to size 
on a special order basis. 

Mo-Permalloy powder cores are effectively “gapped" 
by the manufacturer by means of varying the amount 
of non-magnetic binder that holds the Mo-Permalloy 
particles together within the core, and by the size and 
shape of the Mo-Permalloy particles. Thus, the “gap" 
is actually distributed throughout the core material. 
These cores are supplied with many different Al values 
in each size. 

One of the main advantages of ferrite pot cores and 
ferrite E-l cores (not tabulated, but worth considering) 
is that the winding is easily formed on a bobbin which 
is subsequently assembled within the two-piece core 
assembly. Ferrite toroids are not recommended be- 
cause of the practical difficulty of introducing a gap. 
Mo-Permallcy toroids are not as convenient to wind, 
but this is not a serious problem as most switching 
regulator inductor designs require few turns of rela- 
tively heavy wire. 
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Example of Inductor Design 

The example shown below will illustrate the method of 
solution, as drawn on the nomograph of Figure 11. 

Given; 

L = 21.9/xH 
lo = 10A 

iimax = 14A (current limited) 

Eo X lo = SOW (output of regulator) 

Copper losses not to exceed 1 % of 
output power, and temperature rise of 
inductor not to exceed 25°C. 


Power loss in inductor; 

Actual Pw = 


P25C X 


Llo" 

(LP)25C 


0.547 X 


2.19 

2.288 


W 


0.524W 


Actual power loss in the inductor as a percentage of 
the power output of the switching regulator is: 

Pw X 100% 0.524 X 100% 

j zz: — =: 1 . (Jo /O 

Eo X lo 50 


Step 1: Draw line 0 from lo = 10A on the "I” scale, 
to 0.021 9 mH (21 .9 />tH) on the “L" scale through the 
"LP” scale. Note that = 2.19 millijoules. 

Step 2: Draw line ©from ii max = 14A on the ‘T’ 
scale to the 0.0219 mH on the ‘‘L’’ scale through the 
“LP” scale. Note that L(ii max)^ = 4.3 millijoules. 

Step 3: Find the smallest core in Tables 1 or 2 that has 
(L| 2 ) 25 c capability greater than defined in step 1, 
and (L|2)33t capability greater than L(iimax)2 defined in 
step 2. This appears to be a 2616-3B7 pot core with 
Al = 160 from Table 1 , or an A-291061-2 toroid from 
Table 2. 

Step 4: Actual temperature rise of the core and power 
loss can be calculated as follows: 


If power losses are not acceptable, then select a core 
with higher (LP) 25 c capability. 

Step 5; In the nomogram, draw line (© from 0.0219 
mH on the ‘‘L’’ scale through Al = 160 on "Al” scale 
to the “N" scale. Note that 12 turns are required to 
obtain the desired inductance. 

Step 6: Enter the Aw' = 0.193 from the table for the 
core selected on the “Aw'” scale. Draw 0 from “N” 
scale where N = 12 through Aw' = 0.193 to the “wire 
size” scale. From this scale, note that wire size is 
AWG 15.2. Select the next highest integer, AWG 16, 
in order to fit within the available window area. This 
will result in a slight increase in power loss and tem- 
perature rise. 

The same procedure applies if a toroid is selected 
instead of a pot core. 


Temperature rise of pot core; 


Actual AT 


25°C 


LIq^ (stepi) 
(L 12 ) 25 cfrom core table 


25°C X 


2.19 

2,288 


= 24°C 


If both the Llo^ and L(iimax)2 values calculated in 
steps 1 and 2 are less than the appropriate limiting 
(L|2) values for the core selected, it is suggested that 
the L value of the application be increased until one 
or the other of the core limits is reached. This will 
permit reduction of Aii, and reduce the requirements 
of the output capacitor. 
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Table 1. Ferrite Pot Cores 


Ferroxcube 

Part No. 

Dimensions 

(inches) 

Power 

Dissipation 

25° C rise 
(watts) 

Window Area 
0.65 Aw 
(cm^) 

Inductor 

Index 

Saturation 

Limit 

(mJ) 

Dissipation 

Limit 

25° C rise 
(mJ) 

(OD) 

(HT) 

(P25C) 

(Aw') 

(Al) 

((Ll^)s.f) 

((Ll%c) 

1107-A100-3B7 

0.445 

0.264 

0.100 

0.034 

100 

0.200 

0.077 

1107-A160-3B7 

0.445 

0.264 

0.100 

0.034 

160 

0.144 

0.124 

1408-A100-3B7 

0.559 

0.334 

0.158 

0.063 

100 

0.490 

0.180 

1408-A160-3B7 

0.559 

0.334 

0.158 

0.063 

160 

0.324 

0.288 

1811-A160-3B7 

0.716 

0.428 

0.259 

0.122 

160 

1.02 

0.719 

2213-A160 -3B7 

0.858 

0.538 

0.358 

0.193 

160 

.. 2.12 

1.32 

2616- * -3B7 

1.024 

0.640 

0.547 

0.263 

160* 

5.06 

2.29 

2616-A250-3B7 

1.024 

0.640 

0.547 

0.263 

250 

3.24 

3.58 

3019- * -3B7 

1.201 

0.754 

0.754 

0.382 

200* 

8.57 

4.90 

3622- * -3B7 

1.418 

0.880 

1.04 

0.486 

200* 

18.4 

7.21 

4229- * -3B7 

1.697 

1.16 

1.60 

0.910 

200* 

31.8 

17.9 


‘Indicates not stock item Gap must be ground to obtain desired A, 


Table 2. Mo-Permalloy Toroids 


Arnold 

Part No. 

Dimensions 

(inches) 

Power 

Dissipation 

25° C rise 
(watts) 

Window Area 

0.5 Aw 
(cin=') 

Inductor 

Index 

Saturation 

Limit 

(mJ) 

Dissipation 

Limit 

25° C rise 
(mJ) 

(OD) 

(HT) 

(P2SC) 

(Awl 

(Al) 



A-307032-2 

0.425 

0.180 

0.072 

0.082 

32 


0.065 

A-051 027-2 

0.530 

0.217 

0.125 

0.192 

27 

0.296 

0.199 

A-1 89043-2 

0.710 

0.280 

0.209 

0.319 

43 

0.782 

0.659 

A-059043-2 

0.930 

0.330 

0.346 

0.703 

43 

1.55 

2.06 

A-894075-2 

1.09 

0.472 

0.520 

0.781 

75 

3.40 

4.32 

A-291061-2 

1.33 

0.457 

0.708 

1.47 

61 

4.54 

8.97 

A-298028-2 

1.33 

0.457 

0.708 

1.47 

28 

9.90 

4.12 

A-085035-2 

1.60 

0.605 

1.04 

2.14 

35 

20.1 

8.65 

A-087059-2 

1.875 

0.745 

1 48 

2.14 

59 

40.2 

16.0 
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1 . Power Switching Components 
Voltage ratings of the power switching transistor and 
catch diode must be greater than the maximum input 
voltage, Ein, including any transient voltages that may 
appear at the input of the switching regulator. Low 
transistor VcEsat and diode Vf at full load output current 
are important considerations to maintain high effi- 
ciency (Ref efficiency calculations - Appendix A). 

Fast switching diodes and transistors are required to 
maintain good efficiency in high frequency switching 
regulators. Transistor switching losses become sig- 
nificant when combined rise time plus fall time ex- 
ceeds approximately 0.025 x r. Thus, for 50 kHz 
operation, tr + tf should be approximately 0.5 (jisec 
or less. Transistor delay and storage times do not 
affect efficiency, but cause delays in turn on and turn 
off resulting in lowering the frequency of operation 
and increasing ripple. Combined td + ts should be 
less than 0.05 x r. 

Unitrode manufactures a broad variety of fast switching 
power transistors and Darlingtons, which are listed in 
the Power Transistor & Darlington Product Selection 
Guide. Their combinational high voltage, high current, 
low saturation voltage and medium to fast switching 
characteristics make them ideal for this application. 

The diode reverse recovery time must be no more 
than about half the current rise time through the tran- 
sistor. If this requirement is not met, large amplitude 
reverse recovery current spikes will be drawn from the 
input power supply causing severe EMI problems. 
Large transient currents through the transistor may 
cause degradation or second breakdown. Referring to 
Figure 1 , Section II, during the time that the transistor 
is off, the catch diode is conducting the output current, 
lo, and the transistor Vce equals Ein. When base drive 
is applied to the transistor to turn it on, current through 
the transistor rises from 0 to lo. During this current rise 
time interval, Li, the diode remains in forward conduc- 
tion, but the diode current declines from lo to 0, since 
the inductor maintains the total current at a constant 
value equal to lo. If the diode has recovered at the end 
of the tri interval, the voltage across the transistor will 
start to decrease and the diode will go into the reverse 
direction. This period of time is the transistor voltage 
rise time interval, Lv, which is terminated when the 
transistor Vce reaches Vce sat and the diode Vr reaches 
Ein. If the diode has not recovered at the end of the L; 
interval, it will remain a low impedance instead of pro- 
ceeding smoothly into the reverse direction. Transistor 
current will increase well above lo until the diode 


VI. Component Selection 


recovers, pulling the additional current through the 
diode in the reverse direction. 

This problem has probably caused more grief in 
switching regulator applications than any other, and 
almost completely dominates diode selection. Diode 
switching losses will be completely negligible if the 
diode is fast enough to minimize the recovery prob- 
lem, i.e., two to three times faster than the transistor 
turn-on rate. 


Unitrode UES rectifiers, listed in the Rectifier Product 
Selection Guide, are uniquely suited to this type of 
application. With low forward drop and typical recovery 
time of 20 nsec from forward currents as high as 50A, 
they cause no discernible recovery spike when used in 
conjunction with Unitrode’s medium frequency switch- 
ing transistors. 


Unitrode PIC600 Hybrid Power Switches summarized 
in the Switching Regulator Power Circuits Product Se- 
lection Guide combine in a single package the UES 
rectifier and power switching transistor with its associ- 
ated drive transistor and bias resistors. Power transis- 
tor, drive transistor and rectifier are matched to 
optimize switching speeds and Vce sat- Available in NPN 
and PNP versions, the PIC600 series can operate at 50 
kHz with only 2.5 percent loss of efficiency compared 
with operation at lower frequencies. Significant reduc- 
tion of EMI can be achieved because of the reduction of 
circuit wiring. 


2. Output Filter Capacitor. 

The most difficult component selection problem for 
high frequency switching regulator applications is to 
find and specify an output capacitor with suitably low 
ESR. Most tantalum and aluminum electrolytic capaci- 
tor types do not have ESR specifications (probably 
because ESR is not very good). In some cases, the 
dissipation factor, DF, is given in the specification. 
However, DF is usually specified at 60 Hz, which is 
more indicative of effective parallel resistance, and is 
virtually useless in determining ESR. When DF is 
specified at 1 kHz or higher, it may be used to deter- 
mine ESR: 


ESR = DF(%) X 0.01 X Xc 


DF(%) X 0.01 
27rfC 


The power circuit design example given in Section IV 
requires an output capacitor with C^in of 1 14 /xfd and 
ESR,nax of 0.02511. The capacitor which comes closest 
to meeting this requirement (after a limited search) is 
solid tantalum, Mallory THF, 120 />tfd @ 10V. This 
capacitor has a max DF of 8% at 1 kHz, which defines 
ESRmax = 0.10611. ESR is typically 0.0511. Two of 
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these capacitors in parallel are required, based on 
typical ESR, to achieve an ESR of 0.025fl; four in 
parallel are required, based on ESR^^x of the capacitor. 
The aluminum electrolytic which comes closest (again 
based on a limited search) is the Sprague 672D series, 
1000 ^ifd @ 12V, which has an ESR^ax of 0.065n @ 
50 kHz. Typical ESR is 0.02511. In either case, a much 
larger C value is required in order to achieve the de- 
sired ESR. This does have the advantage of reducing 
transient voltage changes with sudden changes in 
load current. 

It is worth noting again that with the control circuits 
shown in Section III (unlike conventional switching 
regulator control circuits), the operating frequency 
will remain relatively constant, regardless of ESR, al- 
though the output ripple voltage will vary directly with 
ESR. In some cases, it may be economically advan- 
tageous to increase the value of L (and the size and 
cost of the inductor) in order to reduce ripple 
current, Aii = Ai 2 . and thereby increase the ESR,^ax 
requirement. 

In addition to considering the C and ESR values and 
appropriate voltage derating for the application, most 
capacitors have maximum RMS ripple current or max 
RMS ripple voltage ratings which should not be ex- 
ceeded. Actual RMS ripple current and voltage in the 
application can be calculated as follows: 

AOorms = AeoP-p/3.0 
AIrms = Aiip-p/3.5 


Inthedesignexampleof Section IV, AOorms = 0.033V, 
which is less than the 0.05V max ripple rating of the 
10V Mallory THE capacitor, and AiRMs = 1.14A, which 
is less than the 2.47A max ripple current rating of the 
1 000 /xfd, 1 2V Sprague 672D capacitor. 

Series inductance of the capacitor is usually not sig- 
nificant compared to ESR at frequencies below 100 
kHz. However, inductance can become dominant if 
good wiring practices are not followed. Specifically, 
the ground side of the catch diode should be returned 
directly and as close as possible to the ground side of 
the capacitor, and capacitor lead length including 
circuit wiring on both sides of the capacitor should 
be minimized. 

3. Control Amplifier and Reference. 

Control circuits for switching regulators can be de- 
signed around 1C operational amplifiers and separate 
voltage references, or around low power voltage regu- 
lator IC’s which have built-in references. Voltage reg- 
ulator IC’s such as the LM304, LM305, and /xA723 
have the added advantage that the output current they 
provide to drive the power switching transistor can be 
caused to diminish at higher temperatures, which 
conforms to the transistor drive requirements vs. tem- 
perature and helps to maintain optimum switching 
speeds over a range of temperatures. Amplifiers used 
in the control circuit should be uncompensated in or- 
der to obtain fast switching speeds, otherwise the 
delay times introduced will result in lower frequency 
operation and larger ripple amplitudes, and may 
cause circuit instability. 
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The design equations for the switching regulator 
power circuit used throughout this design guide were 
based on several simplifying assumptions, which will 
now be dealt with. 

The simplified equations neglected the effect of 
“catch” diode forward drop, Vf, transistor saturation 
voltage, Vsa+, and the IR drops in the inductor and cur- 
rent sensing resistor, lo Rx. If a design is implernented 
using the values of L, C, ESR, and Ai derived from the 
simplified equations, then U, Uf, f, and Aeo will differ 
from the design values because of the effect of the 
simplifying assumptions as follows, from Figure 2b: 


Simplified : 


Ail 

Exact ■ 

Ail 

(Ein-Eo)ton 

L 

(Ein - Eo - V^at - lo Rx)ton' 

(1) 

(2) 

L 

Simplified : 

Ail 

Eo to,, 

L 

(3) 

Exact ; 

Ail 

(Eo -T Vd -F lo Rx)toff' 

L 

(4) 


Note that Aii is fixed, because the control circuit con- 
trols this value directly. Instead of the original design 
values of ton and toff, actual values ton and toff will be 
observed. Since Aii is fixed, we can equate Equations 
(1) to (2) and (3) to (4): 


Appendix A 
Analysis of Power Circuit 


ton 

ton 


(Ein - Eo) 

(Ein - Eo - Vsat - loRx) 


and 


tpf/ _ Eo 

toff Eo -f Vd -F loRx 


Although the actual W is less than the assumed toff, 
ton' is greater than the assumed U, so that their net 
effect on the operating frequency is reduced. In the 
worst-case, when Eo is small (5V) and Ein is high 
(50V), the actual frequency will be 25 percent higher 
than the original assumed frequency, resulting in a 
very slight drop in efficiency. Output ripple compo- 
nent Avc will be smaller because of the higher fre- 
quency, and Avesr will not change because Aii is fixed. 
Component tolerances will result in larger deviations 
than those caused by the use of the simplified 
equations. 

The only other assumption that could have possible 
significance is that the transistor switching times 
are negligible at the highest frequency of operation. 
The validity of this assumption is normally assured 
by selecting appropriate devices (see Section VI). 
This also applies to the speed of the control circuit. 
If delay time through the control circuit in addition to 
transistor turn-on and turn-off times is significant with 
respect to the total period, r, the consequent delay in 
turning the power circuit on and off will cause a pro- 
portional increase in Aii and Aeo, and a proportional 
decrease in frequency. 
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Efficiency Calculations: The efficiency of a switching 
regulator depends upon the factors given in the fol- 
lowing equation: 

Efficiency = x 100% 

_ Eo X lo 

Eo X lo -f Pt -f- Pd +■ Pt + Pd + Pl + P| + Pc + Pc 

Note that the worst case for each factor does not 
necessarily occur under the same conditiorrs. 

1 . DC Losses - Transistor. (Worst case when Ein is 
lowest because U is largest.) 

Pt = VcEs,t X lo X — 

T 

where: ^ 

T Em 

2. DC Losses - Diode. (Worst case when Ein is 
highest.) 

Pd = Vf X lo X ^2^^- 
r 

where: -til = i _ 1°. 

T Em 


4. Switching Losses - Diode. 

This is a very complex calculation if diode recovery 
time is not much smaller than the transistor rise time, 
because the diode will short-circuit the power supply 
prior to turn-off, affecting the transistor dissipation, 
possibly causing second breakdown, and generating 
intolerable EMI. By using a diode whose recovery time 
is not more than half the transistor rise time, all these 
problems become negligible. 

5. DC Losses - Inductor. (AC losses are negligible 
when Ail is small compared to lo.) 

Pl = lo2 X Rs 

where: Rs is equal to effective series resistance of 

inductor. 

6. DC Losses - Current Sense Resistor. (AC losses 
negligible when Aii is small compared to lo.) 

P, = lo2 X Ri 

7. AC Losses - Capacitor. (Usually negligible.) 

Pc = -^ X ESR 


3. Switching Losses - Transistor. (Worst case when 8. Control Circuit Losses. (Base drive to switching 
Ein is high, td + ts do not contribute to power transistor is dominant, but usually negligible.) 

losses.) 

* , t Pc = Ein X lb X — = Eo X lb 

Pt = Ein X ^ 

K . ton _ Eo 

where: T = U +1,, tf tf, + tf, where. ^ 
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Appendix B 

Analysis of Power Inductor Design 


This appendix describes the methods used to develop 
the core tables given in Section V and the nomo- 
graphic method for design of the power inductor. Core 
parameters for any cores not listed in the tables can 
be derived from the equations given. 

The following equations provide the basis for this 
design approach. Equation (1a) defines the value of 
inductance, L, in terms of basic core parameters and 
the total number of turns, N, wound on the core: 

L = N2 X 0.4ir/ii^ X 10-5 mH (la) 

where: [jl = effective permeability of core 

= effective magnetic path length - 
cm 

Ae = effective magnetic cross section - 
cm2 

For most standard cores, the above calculation has 
been simplified by listing the compound parameter 
Al, called the “inductor index”, as follows: 

L = N2AlX 10-6 mH (1b) 

A 

where: Al = 0.47r/t>L^x10 mH for 1000 turns 

Multiplying both sides of Equation (1 b) by P, 

L |2 =r (NI)2 AlX 10“® millijoules (2) 


Core Saturation Limits. 

Any specific core has a maximum ampere-turn, Nl, 
capability limited by magnetic saturation of the core 
material. (Nl)sat is listed in some core catalogs, in 
which case the maximum (L| 2 ) 5 ^t capability of the core 
can be calculated from Equation (2). (Nl)sat is related 
to the saturation flux density, Bsat, as follows: 

(NOsat = 10- ^'^ - — ampere-turns (3) 
Al 

Substituting Equation (3) into (2), 

,, ,,, Bsat2Ae2 X 10-4 

(L|2)3at = millijoules (4) 

Al 

Values of (L\^)sat are given for each core represented 
in Tables 1 and 2 of Section III. Equation (2) or (4) was 
employed, using values for either Bsat or Nl which 
would result in a reduction of Al (and L) of 20 percent 
under maximum overload conditions, according to the 
core manufacturer’s data. The core selected for an 
application must have an (LP)^^^ value greater than 
L(ii max)2 to insure that the core will not saturate 
under maximum peak overload current conditions. 

Power Dissipation and Temperature Rise Limits. 

In switching regulator applications, the AC current 
component is small compared to the DC current 
through the power inductor. Power dissipation in the 
inductor is almost entirely DC losses in the winding. 
DC resistance of the winding, Rs, is calculated from 
the following: 
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R. =: N ohms (5) 

where: K = mean length of turn- cm 

Ax = effective area of wire -cm2 
p = resistivity of wire- fl-cm 

Core geometry provides a certain window area, Aw, 
for the winding, but only a fraction of this area can be 
occupied by the actual conductor. The effective win- 
dow area. Aw' is taken as 0.5 Aw for toroids, and 0.65 
Aw for pot cores. This allows for wasted area of uni- 
formly wound round wire with HF insulation, allows 
for the fact that the central fourth of the window area of 
a toroid cannot practically be filled, and allows for a 
single section bobbin in the case of the pot core. The 
number of turns, area of wire, and effective window 
area of a fully wound core are related by: 

A, = ^cm2 (6) 

Substituting Equation (6) into (5): 

R., = ohms (7) 

Aw 

Multiplying both sides of Equation (7) by R, the power 
dissipation in the winding, , is: 

p, = |2R^ = |2p^N2 Watts (8) 

Aw 


Substituting for N from Equation (1 b), and rearranging: 

L|2 = Pl X 10 '^ millijoules (9) 

Equation (9) shows that the LP capability is directly 
related to, and is limited by the maximum permissible 
power dissipation. Using a value for Pi that will result 
in a 25°C rise in the temperature of the inductor, 
values of (LP) 25 c are calculated for each core in 
Tables 1 and 2 of Section III. For these calculations, 
resistivity, p, is assumed to be 1.9 x 10“® H-cm, the 
resistivity of copper wire at 65°C. The power dissipa- 
tion that will result in a 25°C rise is calculated and 
tabulated for each core as follows: 

AT = 350-^ “C (10) 

where: AT = temperature rise 

As = surface area of inductor- cm2 

The factor 850 in the above equation represents a 
temperature rise of 850°C for 1W power dissipation 
from 1 cm2 surface area, empirically determined for 
natural convection cooling. The surface area, As, used 
in the calculation is taken as the top and sides of the 
inductor, ignoring the mounted bottom surface. Sub- 
stituting a temperature rise of 25°C: 

25 X A 

P25C - (11) 
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Appendix C 
Analysis of Application Circuits 


The design equations for the critical components and 
operating parameters of Figure 3, Section III, are 
given below, for the following design objectives: 

Eo == +5V 
Aeo = 100mVp-p 
Ein = 20V min, 40V max 
lo = 2Amin, tOAmax 
Current Limit = 14A max peak 

Using the procedure described in Section IV, the fol- 
lowing parameters were established: 

f = 50 kHz (nominal) 
toff = 17.5/xsec 
L 22/xH 
C = 120/xFmin 
ESR of capacitor = 0.025 Hmax 
Ail - 4A 

From the manufacturer’s design data for the LM305, 
we know that: the internal reference voltage, Vref, is 
1 .8V, nominal; the impedance of the inverting input is 
very high; the threshold level of the drive-current- 
limiting circuit is 0.30V; and the impedance of the non- 
inverting input (Rin) is 2.4K, nominal. 

From the Unitrode data for the PIC625 Hybrid Power 
Switch, the drive current (I drive) required for 
lo = 1 0A is 30 mA. The Vre of Q1 is taken as 0.6V. 

First, we may calculate the values R1 and R2 of the 
output divider. We will make the effective parallel re- 
sistance of R1 and R2 equal to 2.4K, so that the 
impedance at the inverting input will be approximately 
the same as the noninverting input of the LIVI305: 


R2 

Vref 

1.8 

RI + R2 

Eo 

5 

RI R2 

= Rin = 

2.4K 

RI + R2 

The resulting values 

are RI = 

6.8K, R2 


R2 may be trimmed for precise setting of Eo. 

C1 and C2 function to provide negative and positive 
AC feedback, and should be large enough to result in 
small losses to the AC signals. Assuming that Rin = 
(R1 X R2)/(R1 + R2), the value of C1 should be 
twice the value of C2, so that the negative feedback 
will be dominant over positive feedback at all frequen- 
cies, thereby ensuring circuit stability. The following 
relationships satisfy these conditions: 


C2 ^ bU— 7 ; C1 = 2 X C2 

Rin X f 

where: f = the nominal switching frequency. 

These equations are satisfied by C2 ^ 0.01 /xF and 
Cl = 0.02 fjif. Making C1 and C2 too large will have 
an adverse effect on transient recovery time of the 
switching regulator. 

R4 is calculated from the threshold voltage of the 
LM305 drive current limiting circuit and the required 
base drive current. 


R4 


V threshold 
I drive 


0.3V 

0.03A 


ion 


Current sampling resistor Ri is determined by the de- 
sired short circuit current limit and the Vre of Q1. As 
described in Section III, under current overload con- 
ditions, current ii ranges between two values. The 
maximum instantaneous overload current is defined 
by: ii X Ri ~ Vre + Vrj. The minimum instantaneous 
overload current is defined by: ii x R, = Vre. 


Since Aii has been previously defined as 4A p-p, if 
we assume a minimum value of 10A for ii under over- 
load conditions, then the maximum peak overload 
value for ii will be 14A, and the average value of 
ii = io under overload conditions is 12A. 

R - Vbe ^ my ^ onfio 

' ii (min overload) 10A 

Power dissipation in R, will be 6W under full load con- 
ditions, and 8.64W under overload conditions. 

R3 determines Air under overload conditions as well 
as for normal operation of the switching regulator: 


R3 X Idnve = R| X Ail 


R3 


Ri X Ail 


0.06 X 4 
0.030 


80 


The value of R5 is determined empirically to optimize 
regulation versus changes in Ein. With R5 omitted, Eo 
changes approximately 70 mV when Ein is changed 
from 20V to 40V. With R5 = 1.2 MO, the change in 
Eo is reduced to less than 25 mV. 
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THE IMPORTANCE OF RECTIFIER CHARACTERISTICS IN SWITCHING 

POWER SUPPLY DESIGN 


With the increasing interest in switching regulated 
power supplies designers have directed much of their 
effort to selecting transistors with low switching losses 
and adequate power handling capability. While recog- 
nizing that they must use fast recovery rectifiers, less 
attention has been given to “how fast’’ or “what type of 
recovery characteristic’’ is desired. More detailed 
knowledge of rectifier behavior allows determination of 
the magnitude of increased losses and stress on the 
transistor by the non-ideal diode. By choosing the best 
available rectifier, transistor stress can be minimal, 
thereby resulting in higher reliability. Other benefits are: 

A. Improved power supply efficiency 

B. Lower noise 

C. Lower cost and/or 

D. Smaller size and weight 

The performance of fast recitifiers in the most popular 
switching circuits is discussed below. 

“Switcher” inputs use available DC voltages, or 
rectifiers directly off the AC line. This DC “input” is 
converted by semiconductor switches operating at 
high frequency in circuits such as buck, flyback or 
boost regulators and in pulse-width-modulated or 
square wave inverters. 

Inverter output rectifiers and regulator “catch” diodes 
are subjeot to unusual stresses due to the fast switching 
rates and very low impedance seen by the diode during 
the reverse transient (diode turn-off) and a momentary 
high impedance during diode turn-on. 

These new square wave switching supplies are limited 
in efficiency and frequency by transistor stress and 
switching losses, some of which is due to diode switch- 
ing characteristics. Faster transistors and diodes are 
helping to increase efficiency and/or frequency. At low 
output voltages, and lower frequency the DC charac- 
teristics (VcE(sat) and Vp) havc the major influence on 
efficiency. However, as frequency and/or input voltage 
increase the switching characteristics become increas- 
ingly important. 

BUCK REGULATOR ANALYSIS 
Ideal Diode — For better understanding consider the 
buck regulator and resulting waveforms, using an ideal 
diode and assuming linear current rise and fall in the 
power transistor during switching. Similar consid- 
erations apply to other types of switching regulator 
circuits. 

The transistor “on” time, t controls the conversion such 
that, 

(1)V„=-Vi 

T 
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where r is the period, t is determined by the control 
circuit which senses output voltage and controls tran- 
sistor base drive. 



In this regulator the inductor current is essentially con- 
stant as it flows alternately through the transistor or 
“catch” diode. The sum of the transistor current and 
diode current must always equal the current in the 
inductor, which cannot change instantaneously. 

At to the diode is conducting inductor current while the 



Figure 1 b 

ti to t2 is the current rise time tn of the transistor. Since 
inductor current is not changing, the diode current must 
decrease. The forward biased diode maintains full 
input voltage across the transistor. 

At ta the transistor is conducting all the inductor current 
so the diode turns off and voltage across the transistor 
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starts to decrease toward Vqe (sat)- 

tg to ta is the voltage rise time, trv of the transistor. 

From ta to t 4 the transistor is saturated and conducting 
the inductor current iL- 

At t 4 the transistor starts to turn off and Vce increases. 

t 4 to tg is the voltage fall time tfv of the transistor. During 
this time the transistor must conduct the entire inductor 
current because the diode is still reverse biased. At tg 
the diode is forward biased and the transistor is block- 
ing the full input voltage. Diode current starts to in- 
crease and the transistor current decreases, the sum 
equalling i,.. 

tg to tg is the current fall time tfi of the transistor. Diode 
current increases in a complementary manner. From tg 
to ti the transistor is off and the diode is conducting all 
the inductor current. 


To simplify the illustration assume the inductor current 
constant and equal to Iq. T ransistor dissipation Py is the 
sum of transient switching and DC losses. Neglecting 
losses due to DC leakages, which are generally negli- 
gible: 

,,, n _ Vi lo (t,i -h tn, + tf, -h tn) , Vce (sat) lo (U-ta) 

(2) Pt - -2 7 + 

(3) Pt = ^ (tri + trv + tfv + t,i) + VoE(5at) (U — ( 3 ) j" 

Practical diode — Now consider how the non-ideal 
diode with reverse recovery, junction capacitance, for- 
ward recovery and DC loss affects the circuit of Figure 
1a. 

In Figure 1c the solid lines are the waveforms using a 
practical diode in a buck regulator circuit. Comparing 
them with the dotted lines of the ideal diode previously 
considered we see three significant differences during 
transient switching and one during DC conduction: 

1 . The peak collector current increases (above Iq) dur- 
ing a period of high dissipation tg to tg'. 

2. Rise times tn and t^, are increased, (tg' - h) > (tg - h) 
and (tg' - tg') > (tg - tg). 

3. Maximum collector voltage peaks up above Vj briefly 
at tg. 

4. The diode has DC loss (from tg to ti) and switching 
loss (principally from tg' to tg'). 

From the Pj curve of Figure 1c it is obvious that tran- 
sistor power dissipation increases above that of (3) due 
to the “real” diode, — see the hatched regions. 

The magnitude of these detrimental factors depends on 
the choice of rectifier. Before considering losses more 
fully let us examine the switching periods in greater 
detail. 



Figure 1c 

TRANSISTOR TURN-ON BEHAVIOR 

The transistor “turn-on transient’’, when the diode is 
switching from forward conduction to reverse blocking, 
results in the following transistor and diode waveforms: 



Dashed lines show what the current and power would 
be if the diode were ideal to the extent of having no 
reverse recovery time or junction capacitance. (Dotted 
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lines show the voltage for the ideal diode case.) The 
reverse diode current caused by diode capacitance 
and recovered charge is shown by the cross hatched 
area of the Iq curve. The transistor must conduct this 
reverse diode current as well as the inductor current. 
The grey area represents additional transistor dissipa- 
tion due solely to the diode recovered charge and 
capacitance. 

Faster switching transistors will not necessarily result in 
reduced switching losses. Unless a diode with recov- 
ery time 2 or 3 times faster than the transistor current 
rise time is used, a faster transistor will increase the 
peak recovery current in the diode and thus increase 
overall switching losses. Furthermore, a diode with a 
“soft” recovery characteristic will cause more dissipa- 
tion than an “abrupt” type with the same peak recovery 
current. The relationship of recovery characteristic to 
switching rate is discussed in Appendix B. With many 
switching transistors now available a 200 nS fast- 
recovery rectifier will have a peak recovery current 
Irm(rec) greater than shown in the io waveform of Fig- 
ure 2, where it is about Va of the forward current. This 
rather modest additional collector current (of 33% 
above that limited by an ideal diode) can cause in- 
creased transistor power dissipation of 100 to 150% 
during the turn-on period. Other serious problems can 
occur from high peak currents, such as noise transients 
in the line, the transistor coming-out of saturation and 
forward-biased second breakdown. 

Rectifiers are now available with recovery characteris- 
tics to keep these problems minimal. Their use is re- 
quired for a switching supply of maximum reliability and 
efficiency. 

TRANSISTOR TURN-OFF BEHAVIOR: 

When the transistor turns off, the diode turn-on charac- 
teristic usually has little effect on power dissipation but 
may cause voltage spiking, with resulting noise and the 



possibility of exceeding the transistor voltage ratings. 
Diode characteristics and conditions under which 
these transients occur are discussed in Appendix C. 
The voltage spike is due to the forward recovery 
characteristic and, when present, will occur as shown 
(dotted) in Figure 3. To correct it a snubber (series RC 
across the diode) may be needed. However, the choice 
of an optimum diode will minimize or eliminate this 
need. 

POWER LOSSES IN THE 
SEMICONDUCTOR DEVICES 
DC Losses in the buck regulator occur alternately 
when the diode is forward conducting and when the 
transistor is turned on. Referring to Figure 1 these inter- 
vals are tg to ti and tg to t 4 respectively. During either 
interval the dissipation is independent of input voltage, 
Vj, or output voltage, Vo, depending only on load current 
and device voltage drop. Total circuit DC losses are a 
function of Vo/Vj because a) this ratio relates to “on” 
time and b) transistor VcE(sat) will probably not equal 
diode Vp. Neglecting switching intervals the dissipation 
due to DC losses is: 

(4) PdC = VFlo^^^ + VcE,sa,,lo^° • 

Loss of efficiency due to DC losses is greatest when Vq 
is low, with diode loss being more significant when Vj is 
relatively high and transistor loss dominating when Vj is 
close to Vq. 

Transient (switching) losses in the regulator vary 
considerably with voltage, being highest at “high line” 
Vj (see Eq. 3). Furthermore, high voltage transistors and 
rectifiers generally have longer switching times than 
low voltage types. Speed and “recovery characteristic” 
(see Appendix B), and consequently losses, can vary 
greatly between different device types and manufactur- 
ing processes. A relationship for calculating approxi- 
mate transient dissipation of practical devices during 
the transistor turn-on interval is given in Appendix B. 
The other component (turn-off interval) can be similarly 
developed but it is not significantly affected by diode 
selection. However, when transistors and/or drive 
techniques are chosen for shorter fall times overall los- 
ses are reduced and the benefits of optimum diode 
selection become more significant. Proper diode (and 
transistor) selection is important in all switching 
supplies, but the higher the voltage (and frequency) the 
more significant will be the effect of selection on switch- 
ing losses. 

OTHER SWITCHING CIRCUITS 

The pulse-width-modulated inverter (PWM) supply 
(Figure 4a) has much in common with the buck regu- 
lator. Output rectifiers also perform the catch diode 
function. Current waveforms are shown in Figure 4b, 
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with overshoot due to diode reverse recovery and ca- 
pacitance. Here again slow diodes cause additional 
transistor stress, usually not reduced significantly by 
transformer impedance. Leakage reactance will often 
require the use of a snubber, to protect the transistor. 

Transistor “on” time t and the turns-ratio control the 
conversion such that 


(5)V„ = 


2t Ns 
T No 


V, 



Figure 4a 



From h to U transistor and diode Di conduct, with 
diode current equal to inductor current it. 

At tg the transistor turns off and the inductor “pulls” it 
equally through Di and Dg. 

At tg transistor Tg turns on, driving full \i through D 2 and 
causing Di to be reversed biased. D 2 current is in- 
creased by the recovery current of Di, and Tg current 
also increases proportionally. 

From t 4 to ti both transistors are again off and at h the 
events of U occur on the opposite device pair. 

One difference between the inverter and the regulator 
is that here the DC diode losses are more significant 


because they (Di and/or D 2 ) are conducting the full 
cycle regardless of Vi to Vo ratio. Another difference is 
that here the diode recovery is from half, rather than full, 
load current. 


The square wave inverter can be considered, in terms 
of device operation, a special case of the PWM where 2t 
approaches r. Regulation is achieved by varying Vj. 


EMI, RFI, NOISE — 

Given any inductance in a circuit “loop” of wiring, a 
rapid current change will generate a voltage transient, 
V = L di/dt, and the energy in such a transient will vary 
with the square of the current, E = 1/2 LF. The interfer- 
ence and voltage spiking will be easier to filter if the 
energy is low and has predominantly high frequency 
components. 

We can establish a priority of factors for reducing EMI: 

1 ■ Irm{rec) should be as low as possible, — accomplish 
by diode selection (see Appendix B and Fig. 7). 

2. L (circuit loop) should be minimum, — accomplish by 
layout and interconnect geometry. (See Fig. 5). 

3. Use a “soft recovery” diode (See Appendix B). How- 
ever, this is an item of possible trade-off since such a 
device may have longer trr, higher Irm(rec) and, thus, 
create much higher switching loss. 


An ultra-fast device with moderate recovery (vs. abrupt 
or soft) will often be the best choice. 


REDUCE EMI BY LOWERING CIRCUIT WIRING INDUCTANCE: 



JTYYYTL 


Steady 

Current 



Low L needed in loop shown in grey Avoid ground loop noise by returning input capacitor 
directly to diode 


Figure 5a 



Figure 5b 


SELECTING THE BEST SWITCHING RECTIFIER 

Ratings and characteristics have different priorities and 
significance when they are to be applied to these power 
switching circuits. Selection should be based on the 
following: 

1 . Peak inverse voltage, PIV of “catch” diodes must at 
least equal the highest input voltage, while PIV of 
center-tap output rectifiers must be at least twice the 
maximum output voltage in a square wave inverter and 
much greater in the pulse width modulated inverter. 
More significant perhaps are the transient voltages in 
practical fast switching circuits partly due to wiring 
inductance and rectifier’s own recovery. Unless these 
are intentionally clipped, damped, or “designed out” it 
is advisable to use a safety factor of 2 or 3. PIV selected 
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should apply over a range from lowest ambient to the 
highest expeoted junction temperature. 

2. Reverse recovery time {„ must be much lower than 
the rise time of the transistor with which it will be used, 
— preferably by at least 3 times when measured at 
conditions similar to circuit operation. Selection is 
complicated because rectifiers are normally specified 
at conditions less severe than in power switching cir- 
cuits. Furthermore, correlation between test conditions 
is not always the same (see Table I of Appendix B). 

Following preliminary selection from available data the 
devices should be compared in a circuit developing the 
highest current, junction temperature and rate of cur- 
rent switching (- di/dt) expected. 

The desired goal is to minimize peak recovery current 
Irm(rec) and switching loss. Note that these are the same 
order of magnitude with Schottky rectifiers (due to high 
capacitance, principally) as with the fastest PN 
rectifiers. The figures below illustrate these points. Fig- 
ure 6 shows the variation of peak current with switching 
rate, using the Unitrode UES 801 in a special test cir- 
cuit. Figure 7 shows the difference in Irm(rec) and trr 
when representative fast recovery DO-5 devices are 
measured in a JEDEC test circuit at different tempera- 
tures. In Figure 8 the incremental collector current (the 
peak value in excess of 30 A) for a 30 A buck regulator 
using 50, 100, and 200 nS catch diodes is plotted as a 
funotion of transistor rise time (and resulting di/dt). Fig- 
ures 9a, b, and c show the loss of efficiency due to 
transistor turn-on dissipation as a function of operating 
frequency, with 3 transistor rise times and 3 diode re- 
covery times, inaregulatoroperated with40Vinand 10 
V out. Similar figures can be developed for other condi- 
tons using the model and assumptions in Appendix B. 

3. Forward voltage should be as low as possible to 
optimize efficiency, especially for inverter output 
rectifiers and regulators with high Vj/Vo ratios. Loss of 
efficiency due to Vp is most significant at low output 
voltages. Figure 10, which relates this loss to device 
choice over the range of available forward voltages, 
applies to output rectifiers of inverter supplies with 
popular output voltages. 

Schottky rectifiers have the lowest Vp and are therefore 
widely used as output rectifiers for 5 V supplies. Their 
limitations in PIV, transient voltage capability and tem- 
perature must be considered when applying them in 
other applications. 

Selection should be based on conditions where losses 
are most significant, — at rated supply output current 
and anticipated junction temperature. The approximate 
range of Vp, at rated current and 25°C, as well as at 
more typical operating conditions, is shown in Figure 1 1 
for representative fast rectifier types. Note that the 


Unitrode UES series is closest to the Schottky, espe- 
cially at expected operating conditions. 

4. Maximum average rectified output current at 

maximum expected case or ambient temperature must 
always be considered. Note however, that standard 
current rating is based on a half sine waveform. These 
square wave applications at average current equal to 
this rating will usually dissipate somewhat lower power, 
and, thus, be used conservatively. However, regulators 
with Vj < 1 .5 Vo should use a catch diode with a higher 
rating than the average current it conducts at full load. 

5. Peak voitage Vp(dyn) during forward recovery will 
be of significance when using transistors with fast fall 
times at close to the Vce rating. This is further discussed 
in Appendix C. See Table II for typical performance of 
representative devices. At lower values of di/dt the 
peak voltages will be lower. 

6. Surge current (8.3 mS) is not of great significance 
because transistor saturation limits fault current. If the 
power supply is designed to provide rapid charging of 
a large output capacitor the “overload” requirement for 
the charge time (perhaps 0.1 to 2 seoonds or so) must 
be considered. 

lRM(REC)&frr VS 

dt 


CONDITIONS IpM = 10A, LINEAR SLOPE UNITRODE UES 801 RECTIFIER 



Irm(rec) & t,, of DOS FAST RECTIFIERS 

CONDITIONS. Ifm = 30A -^=30A/AtS (30V JEDEC) 
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125C 



Figure 7b t 


DEVICE 

TYPE 

IrM(REC) 

trr 

trr 

MAX. 

At Low 
Current 
Cond’ns. 

25°C 

(A) 

125°C 

(A) 

25°C 

(nS) 

125°C 

(nS) 

1 

0.6 

1.3 

50 

72 

50 

2 

1.0 

1.0 

86 

95 

— 

3 

1.7 

3.7 

86 

185 

100 

4 

2.9 

5.4 

142 

296 

200 


1 Unitrode UES 803 

2 Schottky rectifier. 

3 100nS rectifier, 

4 200nS rectifier. 


INCREMENTAL COLLECTOR CURRENT (AT TURN-ON) 



100 

300 


200 

150 


300 

di/dt (AlixS) 
100 
tn (nS) 


400 

75 


Figure 8 


Figure 7c 


LOSS OF EFFICIENCY DUE TO TRANSISTOR TURN-ON LOSS*- BUCK REGULATOR 




1 1 






. ... 1 













































































* 


















\ 

\ 

\ 






> 









20 30 40 50 

FREQUENCY (kHZ) 


20 


40 50 

FREQUENCY (KHZ) 


20 


40 50 100 

FREQUENCY (KHZ) 


Calculations of total switching losses (diode and transistor) per model in 
Appendix B for a 30A buck regulator with V,n = 40V and Vqut = 10V. 


Figure 9 
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Appendix A 
“Off-Line” Supplies 


BASIC CIRCUIT 


TYPE 


FEATURES 



a) Buck 
Regulator 




b) Flyback 
Regulator 


Figure A-3 



c) Boost 
Regulator 


INV.* 


V 

V 

- 

3 



d) PWM 
(Variable 
Duty Cycle) 
Inverter. 


Figure A-4 


s 

o 

CC “ 
U. o 
H 

■° 
0 . re 
Z 


INV.* 


Figure A-5 



nnnnrv-_j^ 

To 


TTYYV-^ 

lo 


e) Square Wave 
Inverter (50% 
Duty) 


(*) INV. = Bridge, center-tap, 
or half-bridge inverter. 


Vo<Vi,. 

Output non-isolated. 
Easy to filter out- 
put. Noisy input. 

Vo opposite polarity 
from Vin. (Unless 
isolated). 

Output can be iso- 
lated. Output can 
be stepped up to FiV. 
Noisy input and out- 
put. 

Vo>Vio. 

Output non-isolated. 
Hard to filter out- 
put. Quiet input. 

Used with single 
Vo, - also common 
for lab supplies. 
Provides isolation. 

Does not 

need separate catch 
diode, - rectifiers 
serve this function, 
possibly with small 
HV diodes in primary for 
magnetizing current. 

Regulation provided 
by previous input. 
Regulates one of 
(possible) multiple 
outputs. Uses high 
transistor count. 
Provides isolation. 

Does not 

need separate catch 
diode, - rectifiers 
serve this function, 
possibly with small 
HV diodes in primary for 
magnetizing current. 
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Appendix B 

Reverse Recovery Behavior and Dissipation 

1 . Waveforms and definition of terms: 



JEDEC test - standard slope = 25A//xS “ABRUPT” “SOFT” 

Figure B-1 Figure B-2 Figure B-3 


2. Discussion of Variables; 

Any PN junction diode operating in the forward direc- 
tion contains stored charge in the form of excess minor- 
ity carriers. The amount of stored charge is proportional 
to the forward current level. 

The diode or rectifier in a switching regulator is 
switched from forward conduction to reverse at a spe- 
cific ramp rate (-dl/dt) determined by the external 
circuit, usually by the turn-on time of the associated 
switching transistor. During the first portion of the re- 
verse recovery period, ta, charge stored in the diode is 
able to provide more current than the circuit demands, 
so that the device appears to be a short circuit. Transi- 
tion from ta to tb occurs when stored charge has been 
depleted to the point where it can no longer supply the 
increasing current demanded by the circuit. The device 
becomes a high impedance and during tb the reverse 
voltage is permitted to increase. Reverse current, no 
longer circuit determined, dwindles as excess stored 
charge depletes to zero. Stored charge is depleted by 
the reverse current flow and also by recombination 
within the device. 

At (-dl/dt) rates which are slow relative to the rate of 
recombination of the specific device relatively little 
stored charge is swept out. Recovery time, br is deter- 
mined mainly by the recombination rate, independent 
of (-dl/dt). Peak reverse recovery current Irm(rec). and 
total charge associated with reverse current, Qr(rec) 
are almost directly proportional to (-dl/dt) (Region I, 
Figure B-4). The recovery characteristic with slow 
(-dl/dt) rates tends to be soft. 

When the (-dl/dt) rate is fast compared to recombina- 
tion rate (transistor turn-on faster than diode recovery 
time), trr decreases as - dl/dt increases, because more 
of the available stored charge is swept out sooner. 


leaving little to be depleted by recombination. As 
(-dl/dt) increases, peak recovery current increases 
and can become much greater than the original for- 
ward current level. However, Qr(rec) levels off as (-dl/ 
dt) increases because it can only approach but not 
exceed the total stored charge which is a function of the 
original forward current level (Region II, Figure B-4). 

Higher voltage devices have poorer recovery charac- 
teristics because they require thicker regions of higher 
resistivity, resulting in greater volume of stored charge 
and longer recombination rates. 

I RECOVERY CHARACTERISTICS I 



Figure B-4 

With a given b and dl/dt the Qr(rec). Irm(rec). and U all 
increase with temperature. Recovery characteristic 
changes as well (generally becoming more abrupt if 
reverse current is not circuit limited, and softer if lim- 
ited). Furthermore, Qr(rec) increases and recovery 
generally softens if higher circuit voltage is applied to a 
given diode. 
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3. Comparison of devices at popular test conditions: 

Table I, below, shows measured trr values (in nanoseconds) using ultra-fast and fast recovery DO-5 rectifiers. 


Ip 

(A) 

Ir 

(A) 

-di/dt 

(A/aiS) 

T 

ro 

Ir(REC) 

(trr Meas- 
ured to (A)) 

UNITRODE 

UES803 

MANUFACTURER 

B 

C 

0 

E 

0.5 

1.0 

step 

25 

0.25 

38 

50 

42 

— 

— 

1.0 

1.0 

step 

25 

0.10 

45 

75 

50 

63 

120 

1.0 

1.0 

step 

125 

0.10 

60 

90 

122 

135 

300 


(85V JEDEC circuit) 







30 

— 

30 

25 

0 

75 

120 

85 

105 

150 

30 

— 

30 

125 

0 

100 

150 

140 

210 

300 

30 

— 

100 

25 

0 

45 

72 

66 

92 



30 

— 

100 

125 

0 

65 

114 

106 

160 

— 

MAX trr 

per manufacturer’s stated condition 


50 

50 to 100 


200 


Table I 


4. Turn-on switching losses, assuming linear V and I 
transitions; 

With an ideal diode, switching losses are entirely in the 
transistor as follows (from Eq. 2). 

{B1)P„h, =v,„ - 
(B2) 

A practical diode with finite t^r and Irmcreo will cause 
additional switching losses as follows; 



Diode recovery time component ta effectively increases 
transistor rise time, and delays the voltage transition, trv 
During time ta, the diode conducts reverse current but 
remains a low impedance. T ransistor Vce remains equal 
to Vjn while collector current continues to rise above Ic 
to Ic + Irm(rec)- The entire amount of charge shown in 
shaded area A results in increased switching loss in the 
transistor only (increase in diode loss is negligible): 


(B3) 

P,.a) =V,n ( 

, lRM(REC)^ ta 

2 K 

(B4) 

ta = tri ( 

^IrmireoX 
^ Ic 7 

(B5) 

P(,a) =Vi„ ( 

^1 lRM(REC)X/tri IrM(REC) 

2 At Ic 

(B6) 

P((a, ■ 

, , lRM(REC)Atri 

tRM(REC)\^l+ 21c /r 


If diode Irm(rec) is half of Ic (1 .5:1 current overshoot in 
transistor) total transistor switching losses during cur- 
rent turn-on (tn + ta) will be 2.25 times greater than with 
an ideal diode (Eq. B1 ). 

During diode recovery time component tb, the diode 
continues to conduct reverse current, but becomes a 
high impedance, permitting the transistor voltage tran- 
sition, trv, to take place. Diode reverse current during tb 
causes increased switching losses in the transistor 
and/or the diode. It is difficult to quantify these losses in 
the diode and transistor separately, since transistor Vce 
is decreasing and diode Vr is increasing during all or 
part of period tb- However, the total increase in losses in 
both diode and transistor during tb is: 

(B7)P,.,,=V,„.^.^ 

(areaB= 

Note: P(t^) loss is in addition to the ideal diode case 
transistor losses, P(t,^) (Eq. B2). With a very fast diode, tb 
will be much shorter than trv, and most of the P(t 5 ) loss 
will occur in the transistor, although it will be negligible. 
With a slow diode, where tb is much longer than trv, Ptb) 
loss will be significant and will occur mostly in the 
diode. 

P(t 3 ) is usually much greater than P(tj,). Since all of P(t^) is 
dissipated in the transistor, it can be seen that most of 
the increased switching losses caused by diode re- 
verse recovery are borne by the switching transistor, 
not by the rectifier. 
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Appendix C 

Forward Recovery Behavior and Characterization 


When used in some circuits, any diode may exhibit the 
phenomenon known as forward recovery. Under these 
conditions, the device has an impedance which, for a 
short time after initial application of forward current, is 
higher than its normal “on” value. The magnitude and 
duration of this transient impedance will depend on 
circuit conditions and device design, varying from no 
effect in many circuits to a few microseconds in the 
worst case. When present, the effect is generally less 
with fast-recovery rectifiers, and much less with 
“computer-type” switching diodes. 

Circuits with very fast current rise time, in the direction 
of forward conduction, will allow this phenomenon to 
appear. Generally, these will be low-inductance cir- 
cuits which allow the current to rise from zero to rated 
forward current in less than the reverse recovery time 
for fast stud-mounted rectifiers, and in less than 0. 1 x trr 
for lead mounted fast devices. 

When such a source has a high voltage, of at least 10 
times Vf, the forward recovery phenomenon exhibits an 
initial higher-than-steady-state forward voltage. The 
rise time of current is not limited by the diode and the 


peak voltage decays to the specified measurement 
level in the “forward recovery time” tfr. The peak voltage 
Vf(dyn) will be strongly influenced by the current rise 
time di/dt, and current If. 

When a fast-rise source has an open circuit (com- 
pliance) voltage of less than several times the diode Vf, 
the forward recovery phenomenon may exhibit a delay 
in the rise of forward current. In this case the peak diode 
voltage is limited by the source, and the “turn-on” time 
is the rise time to 90% of Ip. 


A comparison of the Unitrode UES 803 with a typical 
200 nS rectifier is shown in Table II below. 



Unitrode 

UES 803 

DOS 

200 nS 

Test Condition 

Vf{DYN) 

(V) 

tfr 

(nS) 

Vf(OYN) 

(V) 

tfr 

(nS) 

Ip to 1 A in 8 nS 

1.2 

20 

12 

300 

Ip to 1A in 125nS and 
continuing to 

50A with 

10/LtS 

09 

— 

2.8 

350 


Table II 
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FLYBACK AND BOOST SWITCHING REGUUTOR DESIGN GUIDE 

Section One — Flyback Regulator 

I. Definition 


The flyback switching regulator described in this 
application note accepts a DC voltage input and pro- 
vides a regulated output voltage of opposite polarity. 
This method of conversion, compared to a conven- 
tional DC to DC converter, provides advantages of 
high efficiency, low cost, circuit simplicity, and a 
rather wide, easily selectable choice of the regulated 
output voltage. The switching transistor is not stressed 
to second breakdown in either the forward or reverse 
bias modes. Thus, it provides a reliable method of 
converting the input voltage. The disadvantage of the 
flyback switching regulator described here is that it 
provides no isolation and requires a large output 
filter capacitor. Primary usage of this type of regula- 
tor is in low current and/or high voltage applications. 

II. Design Approaches to 
Flyback Regulator 

The principal difference between a flyback regulator 
and a buck regulator (Ref. Unitrode Design Guide 
U-68) is the manner in which energy is transferred 
to the output capacitor. In a buck regulator, energy 
is provided continuously, while in a flyback regulator, 
energy is pumped in a discontinuous fashion. The 
flyback regulator can be operated in two modes. 


A. Continuous Mode (see Figure 1a) 

In this mode of operation, a large inductor is re- 
quired to insure that the inductor current never goes 
to zero. Although the current through the inductor 
flows continuously, the charging current to the filter 
capacitor is in the form of discontinuous current 
pulses. This large peak-to-peak current waveform 
requires a much larger filter capacitor than the buck 
regulator. Component cost is higher than with the 
discontinuous mode of ope.ration because of the 
large Inductance required, and transient response 
is worse. 


B. Discontinuous Mode (see Figure 1b,1c) 

In this mode, the regulator is designed such that at 
maximum output load current and minimum input 
voltage, the transistor starts conducting as soon as 
the catch diode stops conducting. At a lower output 
current or higher input voltage there is a dead time 
when neither device conducts. 

The output voltage can be regulated by varying the 
duty cycle of the transistor switch. 
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III. The Flyback Switching 
Regulator Described and 
Characterized 

The basic circuit configuration and generalized cur- 
rent waveforms are shown in Figure 2. When transis- 
tor Qi is turned on, the supply voltage, Ein, is applied 
across power inductor L. The current through the 
inductor rises linearly to a peak current level Ip! 

1^ = A. 

This results in an energy transfer from the input 
supply to the power inductor: 

W=|-Llp^ B. 

When the transistor turns off, a voltage is induced 

across inductor L which forces the current to flow 
through diode D, . All of the energy stored in the 
inductor is transferred to the output capacitor and 
load Rl , and the inductor current diminishes linearly 
from Ip to zero according to the relationship: 

, _ Eo X to ^ 

'p 1^ 




The power delivered to the load is equal to the peak 
energy stored in the inductor times the number of 
pump cycles per second: 

Po„, = E„ X l„ = -Ili/x f D. 

The voltage induced in the inductor is such that Eo 
is opposite in polarity from Ein. The relationship be- 
tween Eo and Ein is established by combining equa- 
tions A and C, eliminating Ip and L: 

Eq _ ^ p 

E,n to 

DC output current lo is equal to the average current 
through the diode: 

l^ = -kxil = ixtDXf 

d 7 (L 

The output voltage can be regulated by operating at 
a fixed frequency and varying the transistor on time, 
tj. However, because of the inherent “pumping” ac- 
tion of the flyback regulator, the output voltage 
diminishes while the switching transistor is on, and 


increases when the transistor is off. This character- 
istic makes it difficult to control on a fixed frequency 
basis. 

The simplest approach to controlling the flyback 
regulator in the discontinuous mode is to establish 
a fixed peak current through the inductor, which 
determines a fixed diode conduction time, to. Fre- 
quency then varies directly with output current, and 
transistor on-time varies inversely with input voltage. 
This is the approach used in this application note, 
resulting in a simple and economical control circuit. 

IV. Worst Case Design 
Conditions 

Design equations based on the fixed peak current 
mode of operation are shown in Figure 3. The worst 
case condition exists when input voltage is low while 
output current is at maximum. Under these worst 
case conditions, frequency is maximum and b is zero 
because the pass transistor turns on as soon as 
diode stops conducting. 
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V. Circuit Design and 
Description 

In designing a flyback switching regulator power 
supply, the following parameters will normally be 
predefined. Numerical values are given and com- 
puted for the example shown in Figure 4. 

Eo = 5V output 

ABo = 1 00 mV output ripple voltage peak to peak 
l^max = 2.5A 
EiNmin = 9V (minimum) 

EiNmax = 15V (maximum) 

Since the output voltage is derived from pulses of 


current, it is desirable to keep the operating fre- 
quency as high as possible in order to obtain small 
size and lower cost of the filter inductor and capac- 
itor. However, above 5-10 kHz, capacitor impedance 
is usually dominated by its equivalent series resis- 
tance, ESR, rather than C value. Since the ESR 
remains essentially constant regardless of operating 
frequency, operation at higher frequencies does not 
enable the size and cost of the capacitor to be 
further reduced. 

Also, at higher frequencies, transistor switching 
losses become significant. Thus, a maximum oper- 
ating frequency of 25 kHz is chosen for this design. 



Figure 4. Flyback Regulator, +12 V Input, —5V Output 
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Referring to Figure 3, the design calculations are: 

Ip = 2 lofnax (Eo/EiNmin + 1) = 2 X 2.5 (5/9 + 1) 
= 7.8A (constant) 


U(Eo/E,Nmin + 1) 25 x 10^5/9 + 1) 

= 25.7 fxs (constant) 

_ to X Eo 25.7 X 10-^ X 5 
Ip " 7.8 

= 16.47/xH 

_ Ip X to _ 7.8 X 25.7 X 10-^ 

"" 2Aeo 2X0.1 

= 1002iaF 

ESR„,. = ^ = ^ = 0,01 28 n 

Ip 1.0 

The operating frequency will change in proportion 

to load current, loi 

f = f„.X X 

*0 max 

The PIC625 hybrid power output stage incorporates 
a fast PNP quasi-darlington switching transistor and 
LIES catch diode. The quasi-darlington switch re- 
quires 30 mA of drive current. This drive current is 
provided with diode D, and Resistor R^ in conjunc- 
tion with the integrated circuit TL497. (Refer to 

Figure 4) 

, _ Vbe _ 0.65 

•drive p ^ 

116 116 

R6 = 22q 

The output voltage is preset by divider network 

Ri and Rz, according to the relationship: 

Eo = [l -f Vref 

where Vref = 1.22V. Assunning a nominal value 
for R2 = IK, then: 

R, = 320 a 

Ri may be trimmed to obtain the precise output 
voltage. 


The TL497 control circuit operates in the current 
limiting mode under normal operating condition. 
Thus, the peak current value. Ip, is determined by the 
current limiting resistor R5. Capacitor C3 is required 
to prevent the TL497 from terminating the transistor 
on-time prematurely. This causes an 8 /xs delay, 
once over-current is detected at the short circuit 
sense input (pin 13 of TL497) before the transistor 
switch turns off. The delay time is the time required 
to charge capacitor C3 to the predetermined voltage 
level before drive current to the pass transistor is 
removed. The current limit threshold voltage is about 
1.2 volts. 



= -11 
7.8A 

= 0.153a 


The function of transistor Q,, diode D3 and resistor 
R3 and R4 is to provide short circuit protection. The 
transistor Q, prevents turn-on of the pass transistor 
as long as the catch diode continues to conduct. 
Thus, it limits the maximum current and operating 
frequency under short circuit conditions. D2 and R4 
providing voltage isolation to transistor Q,. 

C2 is required for circuit stabilization; capacitor C, 
provides AC coupling of ripple voltage to the control 
circuit. C|N and Co are filter capacitors. 

Unitrode Switching Regulator Design Guide U-68 
covers the design of a buck regulator, and contains 
a section on power inductor design which is applic- 
able to the flyback and boost regulators. 
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Section Two — Boost Switching Regulator 


The boost switching regulator is described briefly 
in this application note. It accepts a DC voltage input 
and provides a regulated output voltage which must 
be greater than input voltage. 

The basic circuit configuration of a boost regulator 
is shown in Figure 5. When the transistor switch is 
turned on, the supply voltage Ein is applied across 
power inductor L. The diode is reverse biased by 
voltage Eo. Energy is transferred from the input sup- 
ply to the power inductor. When the transistor is 
turned off, the energy stored in the inductor L in- 
duces a voltage such that the diode conducts and 
transfers the energy to the load and the output 
capacitor. In addition to the energy stored in the 
inductor, additional energy is transferred from the 
input directly to the output during the diode con- 
duction time. 

This pumping action, similar to the flyback regulator, 
also makes it desirable to operate the boost regu- 
lator in the discontinuous mode with a fixed peak 
current through the inductor. However, unlike the 
flyback regulator, in the boost regulator the diode 


conduction time is not fixed, but varies according 
to the input voltage; 

t - Lip 
Eo - E,n 

Output voltage is regulated by controlling the duty 
cycle; 


Since the ripple voltage across the output capacitor 
is directly proportional to diode conduction time, to, 
capacitor requirements are determined by the maxi- 
mum to; 

. Lip 

to max = p — p — ^ r 

Eo - Ein (max) 

The Figure 6 is a complete schematic diagram of a 
boost switching regulator. It accepts -[-12V of DC 
input voltage and provides regulated -|-24V of output 
voltage. 

The design procedure and circuit description is sim- 
ilar to the flyback switching regulator. 
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Appendix A— Derivation of Design Equations 


The basic circuit configuration of the flyback switch- 
ing regulator is shown in Figure 3. Assuming a fixed 
value of peak current, Ip, and output volts, Eo, the 
following equations are evident: 

E,n ti = Eo to = Ip X L 1 . 

tr^toXEc/EiN ■ . . la. 

T = tr -j- to -f- tx = 1 /f 2. 

Worst case t = rn,in, f = fmax, tx = 0 , Ein = Ein min. 
Substituting Equation 1a: 


Tmin = ^ = to (Eo/Ein min -f 1) 

Tmax 


. . to — 


f,,ax (Eo/E,n min + 1) 


Since in Equation 1, Eo, Ip and L are all constant 
values for a given application, to is also a constant 
value. 

By inspection of Figure 3 output current waveforms: 

= k X X to X f 3. 

d T C 

Taking worst case conditions and substituting Equa- 
tion 2b: 

lo max = ^ X Ux X - — J — 3a. 

2 fn,ax (Eo/Ein max -f 1) 

Ip = 2 lo max (Eo/Ein max -f 1) 3b. 

Rearranging Equation 1: 

L = 1b. 


The ripple voltage, Auc, across the output filter capac- 
itor: 


The worst case net charge into the capacitor is equal 
to the area under the diode current waveform 

aQ„., = 4a, 


Substituting into Equation 4 and rearranging: 
• c,-n = ^ 


The ripple voltage, vesr across the capacitor series 
resistance, ESR. 

VESR = lo X ESR 5. 


ESRma) 


The frequency, f, will vary as a function of load cur- 
rent. Rearranging Equation 3: 

y = -^ X to = l„ max/u 6. 

• • f — f/nax X 0a. 


fmin = fmax X 
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THERMAL DESIGN CONSIDERATIONS FOR OPERATING UNITRODE’S TO-92 
TRANSISTORS AND DARLINGTONS IN PULSED-POWER APPLICATIONS 


Introduction 

Unitrode’s power Darlingtons (U2TA506, U2TA508, U2TA510, 
U2TA606, U2TA608, U2TA610) and power transistors 
(UPTA510, UPTA520, UPTA530 and UPTB520. UPTB530, 
UPTB540, UPTB550) in economical TO-92 plastic packages 
are ideally suited for use in pulsed power applications, such as 
lamp driving or printer driving where the inrush or pulse drive 
current can be as high as several amperes. When compared 
with transistors or Darlingtons in conventional power packages, 
the Unitrode TO-92 devices offer cost savings of 50% or more, 
take up significantly less board space, and lend themselves to 
tape and reeling and automatic insertion. They also offer the 
advantage of a maximum operating junction temperature 
(Tj(max) of 175°C versus 150°C or 125°C for other plastic 
packaged devices. 

Thermal considerations are of prime concern when the TO-92 
power transistors and Darlingtons are used in pulsed power 
applications. This Design Guide provides a method for deter- 
mining the junction temperature and maximum allowable peak 
power dissipation for the U2T A506, U2T A606 and the UPT A51 0 
and UPTB520 series when they are operated at frequencies of 
10kHz or less, where the switching losses are negligible and 
can be ignored. This method is valid for the vast majority of 
pulse applications. 


Thermal Analysis 

A detailed transient thermal analysis is required to determine 
the peak junction temperature and maximum allowable 
power dissipation since the junctions of the transistor or Dar- 
lington are subjected to temperature excursions due to the 
applied, periodic power pulses. 

A) Effective Pulsed Thermal Impedance 

The effective pulsed thermal impedance (0p) of a device 
subjected to a periodic train of power pulses can be 
calculated as follows; 

ep=(e,.A)(D) + (1-D)(r(t+T))-r(T) + r(t) (1) 



/] 

Applied Pulse 


Pnt 


Equivalent 
Square Pulse 


* pk 

1 




^ t -^1 




Where: t 

T 

D 

r(t+T) 

r(t) 

Ppk 


pulse width 
period 

t/r (Duty Cycle) 

transient thermal impedance 

at time t t 

transient thermal impedance 
at time t 

DC junction to ambient thermal 
impedance 

The peak power of a square power pulse 
with equivalent energy to that of the 
actual power pulse. 


Figure 1 . Power Pulses 


The DC junction to, ambient thermal impedance, ( gj-a) is 
200°C/W maximum for the UPT A51 0 and UPTB520 series and 
is 155°C/W maximum for the U2TA506 and U2TA606 series. 

The transient thermal impedance for the U2TA506, U2TA606 
and the UPTA510 and UPTB520 series can be obtained from 
the curves presented in Figure 2: 
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.1 .2 ,5 1 10 100 1000 10,000 

Time (milliseconds) 


Figure 2. Junction to Ambient 
Transient Thermal Impedance 


B) Peak Junction Temperature 

The peak junction temperature of a device subjected to a 
periodic train of power pulses can be calculated using the 
previously derived effective pulsed thermal impedance 
as follows: 

Tj (peak)~T/^mbient "h (Pp|<) (©p) ; (2) 

In the case of a single shot pulse the term for 0p reduces to 
ep = r(t) 

and the equation used to calculate peak junction tempera- 
ture becomes 

Ti (peak) T^mbient + (Ppk)(r(t)) (3) 



0 5 1 15 2 25 

VcE(SAT) - Saturation Voltage (V) 

Figure 3. U2TA506 and U2TA606 Series. Maximum 
Saturation Voltage vs. Collector Current 


Allowable Peak Power Dissipation 

The allowable peak power dissipation can be derived from 
the following equation; 

Ppk(max) Tj (max) “ TAmbient (^) 

e; 

Where Tj(max) is the maximum allowable junction temperature. 
For the U2TA506, U2TA606, UPTA51 0 and UPTB520 series the 
maximum junction temperature is 175°C. 



VcE(SAT) - Saturation Voltage (V) 

Figure 4. UPTA510 Series. Maximum 
Saturation Voltage vs. Collector Current 



Figure 5. UPTB520 Series Maximum Saturation 
Voltage vs. Collector Current 
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Peak Power 


Design Examples 


The peak power can be expressed as follows; 

Ppk~(VcE (SAT)) (Ipk) + (VbE (SAT)) (Ib) ( 5 ) 

Where Ipk is the peak collector current of a square pulse of 
current equivalent to the applied current pulse, Vceisat) is the 
transistor or Darlington saturation voltage at Ipk, Vbe{sat) is the 
base-to-emitter saturation voltage and Ib is the base current. 
Figures 3, 4, and 5 are plots of Vceisat) for the U2TA506, 
U2TA606, UPTA51 0 and UPTB520 series Darlingtons and tran- 
sistors. Figures 6 and 7 are plots of the Vbeisati. These curves 
can be used in determining Ppk. 



0 l 1 - Jil J J ^ ^ ^ ^ 1 I 1 

10 15 20 25 30 35 

Vbeisat) - Base-Emitter Saturation Voltage (V) 


Figure 6. U2TA506 and U2TA606 Series Maximum Base to 
Emitter Saturation Voltage vs. Collector Current 



6 8 10 12 14 16 


Vbe(sat) - Base-Emitter Saturation Voltage (V) 

Figure 7. UPTA510, UPTB520 Series. Maximum 
Base to Emitter Saturation Voltage vs. 
Collector Current 


1. An incandescent lamp is controlled by a U2TA506 Dar- 
lington operating from a 12V battery When switched on 
the lamp draws an inrush current of 3A which decays 
exponentially to a steady-state value of 300mA The time 
constant of the inrush current is 50 milliseconds and the 
worst case ambient temperature is 55°C The Darlington’s 
base drive is 30mA dc. 

Problem: 

Calculate the peak junction temperature due to the inrush 
pulse and the steady-state junction temperature. 

Solution: 

The inrush current can be approximated by a square wave 
of 3A peak and 50 milliseconds duration. The equivalent 
square pulse of current will have the same energy as the 
exponential pulse if the Vce(sat) of the Darlington is as- 
sumed to remain constant Since the Vce(sat) will actually 
drop as the inrush current exponentially decays, the result 
obtained from using the square wave approximation will 
be conservative. 

Using equations (3) and (5) 

7j(peak) "Dmbient + (Ppk)(r(t)) (3) 

Where; = 55°C 

r (t) = r(50mSec) = 1 7.5°C/W (from Figure 2) 

Ppk ~ (VcE(SAT)) (Ipk) + (Vbe(SAT)) (Ib) ■ ■ ( 5 ) 

= (1.5V) (3A) + (2.15V) (30mA) 

(from Figures 3 and 6) 

= 4 56W 

Therefore- 

T,(peak) = 55°C + (4 56W) (17,5"C/W) = 135°C 

Since 135°C is 40°C less than the maximum operating 
junction temperature forthe U2TA506 (Tj(n,a,) = 1 75°C), the 
Darlington is operating well within its rating. 

The Steady-state junction temperature can be determined 
as follows; 

Tj(ss) (P(ss)) (Qj-a) *5 T;^mb(ent 

= (( 3A)( 73V) + (.03A)(1 .60V)) (155°C/W) + 55°C 
- 96'’C 


2. A U2TA508 is used to drive a solenoid load in an impact 
printer. The collector current waveform is as shown below 
along with the equivalent square pulse; 


Applied Pulse 
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The Darlington is switching in a clamped mode so the 
energy stored in the solenoid inductance during the on- 
time is dissipated in the clamp and not in the Darlington. 
The maximum ambient temperature is 80°C and the base 
drive current is 20mA. 


Problem: 

Find the worst case junction temperature and determine if 
it is within the maximum rating of the U2TA608. 

Solution: 

Use equation (1 ) to determine 0p 

Bp = [Q,,) (D) -t- (1-D)(r(t-HT)) - r(T) + r(t) (1) 

ej.A= 155°C/W (from Figure 2) 

n - TlrnSec = .05 
2mSec 

r{{+T) = r(2.1mSec) = 4.2®C/W (from Figure 2) 
r(T) = r(2mSec) = 4.1°C/W (from Figure 2) 
r(t) = r(.1mSec) = 1.1®C/W (from Figure 2) 

Therefore: 

Op = (ISS'C/W) (.05) + (.95)(4.2"C/W) - 4.rC/W 
-h1.rC/W 
= 8.75°C/W 
Using equation (5) 

Fpk (VcE(SAT)) (Ipk) + (VbE(SAT)) (Ib) (5) 

lpk= 1.5A 

VcE(SAT) + 2V (from Figure 3) 

(The Vce(sat) value at 3A was chosen to give a conservative 
answer. If Tj is found to be greater than 175°C it may be 
necessary to recompute using a closer approximation of 
the actual Vce(sat) which varies as the current increases 
from 0 to 3A.) 

Ib= 20mA 

Vbe(sat) = 2.1V (from Figure 6) 

(Again the Vbe(sat) value at 3A was chosen to give a 
conservative result.) 

Therefore; 

Ppk= (2V) (1 .5A) 4 - (2.1V) (.02A) = 3.04W 
Now Tj can be determined from equation (2) 

Tj = Ta^bient + (Ppk) (Op) (2) 

= 80°C 4 - (3.04W) (8.75"C/W) = lOT’^C 

This is well within the maximum rating of 175°C for 

the U2TA608. 


3. A UPTA530 is used to drive a high voltage DC motor in 
a display application the current waveform as is shown 
below; 



The base drive is 200 mA and the worst case ambient 
temperature is 65°C. 

Problem: 

Determine the junction temperature to insure it is within the 
maximum rating of 1 75®C for the UPTA530. 

Solution: 

Using Equation (1) 

Bp = (200°C/W) (.1) 4 - (.9) (52°C/W) - 50°C/W + 21°C/W 
= 37.8°C/W 

From equation (5) and Figures 4 and 7. 

Ppk = (2.3V (,6A) + (1.2V)(.2A) = 1.6W 

(Again Vce{sat) and Vbe(sat) values at .8A rather than .6A 

were used to insure a conservative answer). 

Therefore, from equation (2) 

Tj = 65X -h (1 .6W) (37.8"C/W) = 126°C 


It becomes readily apparent from these examples that 
Unitrode’s TO-92 transistors and Darlingtons can be op- 
erated with significant safety margin in a wide variety of 
pulsed-power applications. 
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GUIDELINES FOR USING TRANSIENT VOLTAGE SUPPRESSORS 


1.0 Introduction 

During transient periods, system voltages and cur- 
rents are often many times greater than their steady- 
state values. These transients must be considered in 
overall electronic systems design to insure required 
circuit performance and reliability both during and 
after the transient. 

Transients may result from a variety of causes. The 
most common of these are; normal switching opera- 
tions (power supply turn-on and turn-off cycles), 
routine AC line fluctuations, or abrupt circuit distur- 
bances (faults, load switching, voltage dips, magnetic 
coupling by electro-mechanical devices, lightning 
surges, etc.). Voltage transients are a major cause of 
component failures in semiconductors. Random high 
voltage transient spikes can permanently damage 
these voltage sensitive devices and disrupt proper 
system operation. Catastrophic power supply condi- 
tions should not necessarily be the designer’s prime 
concern, since lower level transients can cause 
improper operation of a system even though no com- 
ponent failures are caused. Normal power supply on- 
off cycles have the potential of emitting spikes with 
sufficient energy to destroy an entire semiconductor 
device chain. Any surviving devices are also suspect. 
Trouble shooting, isolating, and replacing damaged 
devices is time consuming and costly: especially 
when performed in the field. 

Unitrode’s TVS305 and TVS505 series of transient 
voltage suppressors (TVS) offer the designer signifi- 
cant price/performance advantages over other pro- 
tection methods. Their miniature size permits simple 
“close-in” installation in applications where circuit 
boards are dispersed throughout one or more elec- 
tronic racks. Dispersed usage aids system trouble 
shooting and affords transient voltage protection 
where internal system disturbances such as those 
caused by inductive load switching could occur. 

In spite of their small size, the TVS305 and TVS505 
suppressor series can dissipate 500 watts and 150 
watts (respectively) of peak pulse power for 1 milli- 
second. Response time to transients is just about in- 
stantaneous — about 1 X 10'^^ seconds. These 
devices perform to their data sheet specifications 
without significant degradation throughout their 


operating life. Unitrode has performed full power 
pulse life tests for 100,000 pulses with negligible 
change in characteristics. These devices are suitable 
for almost any equipment and environment. 

2.0 Choosing the Correct 
Transient Voltage 
Suppressor for 
the Application 

Certain critical terms must be defined before any 
discussion of “how to” choose the correct TVS. 

1. Stand-Off Voltage (Vr) is the highest reverse 
voltage at which the TVS will be non- 
conducting. 

2. Min. Breakdown Voltage (BVm.n) is the reverse 
voltage at which the TVS conducts 1 mA. This 
is the point where the TVS becomes a low im- 
pedance path for the transient. 

3. Max. Clamping Voltage (Vcmax) is the maximum 
voltage drop across the TVS while it is 
subjected to the peak pulse current, usually 
for ImS. 


Figure 1 graphically shows all three terms. 
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2.1 Determining Pulse 
Power Levels 

Since a zener TVS has an almost constant clamping 
voltage throughout a transient pulse, the transient 
pulse power (Pp) equals the peak pulse current (Ipp) 
multiplied by the clamping voltage (Vc). 

Pp = Vc X Ipp 


2.2 Choosing the Appropriate 
Transient Voltage 
Suppressor 

The three most important factors in choosing the 
appropriate TVS for your application, in their order of 
importance are: 

1 . Pulse power (Pp) — Choose the TVS series that 
will handle the T ransient Pulse Power. To deter- 
mine Transient Pulse Power use the simple 
equation in section 2.1. If Ipp is not known or 
measurable, it can be calculated — see Sec- 
tions 3 and 4. The pulse duration vs. pulse 
power graph on the Unitrode TVS305/ 
TVS505 data sheet can then be used to deter- 
mine the TVS series that will handle the 
transient. This graph for the TVS505 series is 
shown in Figure 2. 


2. Stand-off voltage (Vr) — From the TVS series 
selected, choose the device with the stand-off 
voltage equal to or greater than your normal 
circuit operating voltage. This insures that the 
TVS will draw a negligible amount of current 
from the circuit during normal circuit opera- 
tion. The electrical specifications for the 
TVS505 series are shown in Figure 3. 

3. Maximum Clamping Voltage (Vcmax) — Deter- 
mine the clamping voltage of the device 
chosen for the transient given and be sure it is 
below the voltage that might damage any 
components in the protected circuit. See 
Figure 3. 


$ 
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UJ 

$ 
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LU 

CO 

_J 
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CL 

x: 

< 
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lOOnS IfjiS 10/xS 100/LcS ImS lOmS 
PULSE TIME (tp) 


Figure 2 — Peak Pulse Power vs. Pulse Duration 


TVS 

Part No. 

Stand-off 

Voltage 

Vr 

Min. 

Breakdown 
Voltage 
BV(min) @ 1 mA 

Max. 

Leakage 

Current 

Ir @ Vr 

Max. 

Clamping 

Voltage 

Vc @ 1A 

Max. 

Clamping 

Voltage 

Vc @ 

5A 10A 

Max. 

Peak 

Pulse Current 

Ipp 

Max. 

Clamping 

Voltage 

Vc @ Ipp 


V 

V 

mA 

V 

V 

A 

V 

TVS505 

5.0 

6.0 

300 

7.4 


7.9 

53.7 

9.3 

TVS510 

10.0 

11.1 

5 

13.2 


14.4 

30.3 

16.5 

TVS512 

12.0 

13.8 

5 

16.5 


18.5 

23.8 

21.0 

TVS515 

15.0 

16.7 

5 

19.7 


22.2 

19.8 

25.2 

TVS518 

18.0 

20.4 

5 

23.8 

26.0 


16.3 

30.5 

TVS524 

24.0 

28.4 

5 

32.4 ‘ 

37.0 


11.9 

42.0 

TVS528 

28.0 

30.7 

5 

35.9 ! 

41.0 


10.7 

46.5 


Figure 3 — Electrical Specifications @ 25°C 
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If the actual pulse power and pulse width are different 
from those listed on the data sheet, the clamping 
voltage can be calculated. The actual calculation 
method is beyond the scope of this note. Instead, we 
offer a graphical approximation using Figure 4. The 
approximation is based on the ratio of the actual and 
rated pulse power. 



Figure 4 — Graphical Approximation for the Clamping 
Ratio 


The procedure is as follows: 

a. Calculate Pp(actual)=1 .SBVmm Ipp. 

b. For Pp (rated) use value from TVS data sheet 
curve (See Fig. 2 for example). 

c. Calculate Pp(actual)/Pp (rated). 

d. Use Fig. 4 to find corresponding value of C.R. 

e. Calculate Vc = C.R. x BVmm. 


2.3 Installation Considerations 

1 . Locate the TVS as close to the device or circuit 
to be protected as possible. 

2. Minimize the ‘‘common path” through the TVS 
to minimize voltage spikes produced by fast 
risetime transients in lead and wiring stray 
inductance. See Figure 5. 


5r\ 
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Transient 
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Figure 5 — Minimizing the Common Path 
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3.0 Transient Levels 
and Waveforms 

3.1 Voltage, Current and 
Power Levels 

Since TVS tests and specs may be written in terms of 
voltage, current or power levels, the relationships are 
shown in Figure 6 for (a) field conditions and (b) test 
conditions. 


In addition to the magnitude of the voltage, current or 
power, the waveform or pulse width should be 
specified, as shown in Figure 7, for example. 



Figure 6 — Equivalent Circuit for Field and Test Conditions 


3.2 Typical Transient Levels 

Martzloff and Hahn in their paper on transients on over a two year period. The table indicates two 
120 volt power lines* produced this table showing the primary causes of transients; load switching within 
surges recorded at a number of different locations the house and lightning storms. 


Table 1* 

Detailed Analysis of Recorded Surges 


House 

Most 

Severe Surge 

Most 

Frequent Surge 

Remarks 

Type! 

Crest 

(volts) 

Duration 
t.^^s or 
cycles) 

1 5mHz 
Typet 

Crest 

(volts) 

Duration 
(ms or 
cycles) 

Average 
Surges 
per Hour 

1 

4-1 5 

700 

10 fiS 

4-1 5 

300 

10 MS 

0 07 


2 

4-2 0 

750 

20 liS 

4-2 0 

500 

20 MS 

0 14 

fluorescent light 

3 

e-0 5 

600 

1 cycle 

8-0 5 

300 

1 cycle 

0 05 

switching 

4 

8-0 5 

400 

2 cycles 

8-0 5 

300 

2 cycles 

0 2 


5 

C 

640 

5 MS 

too few to show typical 

10 total 


6 

8-0 3 

400 

1 cycle 

8-0 3 

250 

1 cycle 

0 01 


7 

8-1 

1800 

1 cycle 

8 1 0 

800 

1 cycle 

0 03 

lightning storm 

8 

C 

1200 

10 MS 

8-0 5 

300 

4 cycles 

0 1 


9 

8-0 25 

1500 

1 cycle 

same as 

most severe 

02 

oil burner 

10 

8-0 25 

2500 

1 cycle 

8 0 25 

2000 

1 cycle 

04 

oil burner 

1 1 

8-0 2 

1500 

1 cycle 

same a. 

most severe 

0 15 

water pump 

12 

8-0 2 

1700 

1 cycle 

8-0 2 

1400 

1 cycle 

0 06 

oil burner 

13 

8-0 1 

350 

1 cycle 

too tew to show typical 

4 total 

house next to 12 

14 

C 

800 

15 MS 

— 

— 

— 

1 total 

lightning 

15 

8-0 25 

800 

3 cycles 

8-0 25 

600 

3 cycles 

0 05 

rural area 

16 

8-0 15 

400 

15 MS 

8-0 13 

200 

30 MS 

0 4 

surges 

Street pole 

8-0 5 

5600 

4 cycles 

8-0 3 

1000 

1 cycle 

0 1 

lightning stroke nearby 

Hospital 

C 

2700 

9 MS 

C 

900 

5 MS 

0 1 

lightning storm 

Hospital 

8-0 3 

1100 

1 cycle 

too few to show typical 

4 total 


Dept store 

8-0 5 

300 

1 cycle 

805 

300 

1 cycle 

0 5 


Street pole 

8-0 2 

1400 

4 cycles 

802 

600 

4 cycles 

0 07 

lightning storm 


tA — long oscillation B — damped oscillation C — unidirectional Number shows frequency in megahertz 


* Reprinted from Surge Voltages in Residential and Industrial Power Circuits by Francois D. Martzloff, Member, IEEE, and Gerald J Hahn Reprinted by 
permission from IEEE Transactions on Power Apparatus and Systems, Vol. PAS-89, No 6, July/August 1970, pp. 1049-1056 Copyright 1970, by the 
Institute of Electrical and Electronics Engineers, Inc. Printed in U.S.A 
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3.3 Commonly Used Test 
Waveforms 

1. The 10 X 1000/xS Test Waveform used by 
many TVS manufacturers, also by incoming in- 
spection departments of users, represents 
some commonly encountered transients. (See 
Figure 7). 

2. The IEEE Standard (ANSI C 37.90a — 1974) for 
surge withstand capability. (See Figure 8). 


3.4 Surge Testing 

Figure 9 shows a typical test set used to produce an 
exponentially decaying current pulse of ImS to 50% 
down. (10 X lOOO^S). The ImS waveform is used by 
many manufacturers to test and characterize their 
TVS devices for pulse power and clamping voltage. 




Figure 8 — More Complex Standard Waveform 


2K 

5.0W 


Reset 


5.4Q 

20W 



Figure 9 — Suggested Set-up for Surge Testing 
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4.0 Examples 

4.1 Relay and Solenoid 
Applications 

When the energy stored in the coil inductance of a 
relay or solenoid is released it can damage contacts 
or drive transistors. It can also produce EMI 
interference. A TVS used as shown in Figure 10 wiii 
provide reliable operation. 

Just before the switch opens, the initial inductor cur- 
rent lo = 

Hl 

This is the worst case (maximum) current and 
assumes the switch was closed long enough for the 
circuit to reach steady-state. 


After the contacts switch at t = 0, e = - L-^, 

dt 

and when using a TVS the change in coil cur- 
rent, ^ Referring to Figure lOd, 

dt L 

t, = -!2- = Note that the higher 

di/dt Vc/L Rl Vc 

the Vc of the TVS, the shorter the current 
decay time. 

In order to select the proper TVS, determine: 

1 . Peak pulse power Pp = Ip x Vc, where ip = io. 

2. Pulse time tp (@ 50% down point of iivs) = . 

3. These values of Pp and tp are used with graphs 
of pulse power vs. pulse duration provided on 
the TVS305 and TVS505 data sheet to select 
proper device. See example in Figure 2. 



Figure 10a, DC Coil and Contacts. 
AC 




For TVS' 

1. Vr> Vcc 
2 Vc<VceoOfQ, 


Figure 10b, DC Coil and Transistor. 



Figure 10c, AC Coil and Contacts. 


Figure lOd, Simplified Current Waveform 
in the TVS. 
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NOTE: In some cases, because of accessibility, 
the TVS must be located across the coil; in 
that case a diode should be used in series 
with the TVS, connected back to back as 
shown in Figure 1 1 . 



Figure 1 1 — Using TVS Across Coil 


Sample Calculations: 

For example, using the circuit of Figure 10a, 
and sample values of: 

Vcc = 14V, L = ImH, and Rl = 2Q; 

For Vcc = 14V, the next higher Vr is 15V. (Note that 
Vc = 22.2V at 10A). 

STEP,: 

Pp = Ip X Vc = 7.0A X 22.2V = 155W 


STEP 2: T 


Vcc/Rl 

Vc/L 


14/2 

22.2/10-3 


0.32mS 


so tp = = 0.16mS = leOfJiS 

STEP 3: From Figure 2 , P pmax for tp = leo^tS is 
1200W, which is well above the circuit 
value of 155W. 


4.2 Protecting Switching 
Power Supplies 

The designer needs to protect against: 

1 . Load transients 

2. Line transients 

3. Internally generated transients including 
those produced by internal faults or 
failures. 


Transients can produce failures because of 
their own high energy level; and also they can cause 
improper operation and component failure. 

Figure 12 shows a simplified schematic of a typical 
switching power supply. 

Referring to Figure 1 2, the TVS devices shown protect 
the following circuit components: 

1. the rectifiers. 

2. the FIV switching transistors. 

3. the output rectifiers. 

4. the control circuitry. 



Figure 12 — Typical Switching Power Supply 
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4.3 Protecting 
Microprocessor 
Based Systems 


While most microprocessor and 1C semiconductor 
manufacturers design some form of diode-resistive in- 
put clamping network on the chip itself, transient 
voltage protection offered is very minimal — on the 
order of a few watts of pulse power. Manufacturers 
are also reluctant to make device performance and 
reliability claims when power supply operation 


extends beyond the maximum rated level of the in- 
dividual device for even relatively short durations 
such as those that may be encountered during on-off 
transitions. Therefore, there is a need for some exter- 
nal protective device to suppress voltage transients, 
as shown in Figure 13. 



Figure 13 — Protecting Microprocessors 
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5.0 Alternative Protection 
Devices 


Other protective devices such as MOVs, spark gaps, 
and crowbars have one common disadvantage when 
compared to zener TVS products: the response time is 
from nanoseconds to as much as tens of micro- 
seconds as compared to 1 pS for an avalanche zener 
diode. Even 50nS is long enough to allow a transient to 
destroy the small junctions used in most integrated 
circuits, logic, fast transistors, etc. 

In circuits where transient pulses are fairly common, 
device degradation becomes a significant problem. 


TVS products do not significantly degrade even after 
100,000 transients. 

In many cases, the zener TVS and one of the alter- 
native devices can complement each other. For 
example, when used with an SCR crowbar, the zener 
TVS will keep the voltage during a transient to an 
acceptable level until the crowbar, which may take 
10/LtSto short the line, can protect the load circuits, 
and in the case of a heavy transient protect the 
smaller TVS as well. 
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DETECTING IMPENDING CORE SATURATION 
IN SWITCHED-MODE POWER CONVERTERS 


ABSTRACT 

A new low cost concept termed "'mismatched flux" 
has been developed which not only prevents im- 
pending saturation of the core but also provides 
symmetrical switching current in power switches in 
Pulse Width Modulation switched-mode converters 
except at low flux density. The detecting signal is 
obtained by mismatching the flux in the outer legs 
of an E-E core configuration. 

INTRODUCTION 

Opposite polarity power pulses are applied to the 
power transformer in a PWM converter to transfer 
power from the primary to the secondary windings. 
The volt-second integral of these pulses averaged 
over one or more cycles should be zero to avoid 
any problems with transformer core saturation. 

In practice, however, imbalance occurs due to non- 
ideal characteristics of power switches, mainly the 
switching times (Including storage and delay times) 
and saturation voltage. Even though the imbalance 
in the pulse width of the drive current provided by 
a PWM control circuit is very small compared to 
power switches, it can drive the core into 
saturation. 

Core saturation in PWM switched-mode converters 
can cause problems such as secondary breakdown 
in switching transistors, exdfessive voltage and cur- 
rent stress on the rectifiers, and EMI problems. 

The unique circuit described in this paper develops 
voltages proportional to the flux density In the 
core. When the maximum flux densities at the end 
of the positive and negative cyclesJn the core are 
not the same, unequal voltages are produced during 
the positive and negative cycles. These voltages are 
fed back to the PWM control circuit which adjusts 
the widths of its output pulses until the amplitudes 
of these two voltages are equal. 

This technique, which can be applied in push-pull 
converters as well as bridge type converters, 
prevents core saturation and provides symmetrical 
primary current during the positive and negative 
cycles. It allows the most efficient use of the 
power transformer. In a buck type regulator, the 
current limiting function can be performed with 
this same technique. 

THE UNBALANCED PWM CONVERTER 

Figure 1 shows the typical push-pull converter and 
its associated current and voltage waveforms. Due 
to the difference in switching times and ^C£(SAT) 
of transistors O'] and Q 2 , the transformer core is 
driven into saturation. The volt-seconds applied by 


transistor Q 2 is higher than Q-j as shown in Figure 
Id, even though the secondary current is the same 
during on-times of transistors Q.^ and Q 2 . 

Three important observations can be made from 
these figures: 


1. Information concerning the magnitude of 
the Imbalance of the flux can be derived by 
examining the current in the rectifier diodes 
(Figures 1e and If) during the dead-band 
period. 

2. The slopes of the primary currents when Q-j 
and Q 2 are conducting are not the same. 


3. The familiar equation Ic'|/ID'i=N 2 ^N^ is not 
applicable when the flux density in the 
transformer is not symmetrical during the 
positive and negative half-cycle. 

Under normal operating conditions and during 
dead-band period, the path for the current flowing 
in the output inductor L is provided by diodes D-j 
and D 2 . The inductor current is divided between 
these two diodes. The magnetizing current l|y|g 
flows in the entire secondary winding. Note that 
the magnitude of remains the same during the 
entire dead-band period because the voltage across 
the secondary winding is zero. The overall result is 
that one diode conducts more current than the 
other diode. The current flowing in these diodes 
is: 


MS 

Current in Rectifier 
Diode D-j 

(1) 

MS 

Current in Rectifier 
Diode D 2 

(2) 


Subtracting Idi from iD2 arid rearranging 


'ms “ 



(3) 


Thus, the current flowing in diode D-j and D 2 
allows us to determine the exact amount of im- 
balance in the flux density during the positive 
and negative half-cycles. Figure 1g, which is 
calculated from diode current D-| and D 2 , shows 
the operating flux density of a core in only the 
1st quadrant of a B-H curve. 


When transistor Q-j or Q 2 turns on, this magnetiz- 
ing current is reflected back into the primary wind- 
ing according to the equation: 


- 2(N2) , 
PM '^^7- 


(4) 
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The dotted line in Figures 1c and 1d shows the 
reflected current in the primary winding. Since 
the flux density is not symmetrical around zero 
in the B-H curve, the collector current in Transistor 
Q-j is lower than in Transistor Qo. When the 
magnetizing current (dotted line in Figure 1c) is 
added to the actual measured collector current 
(solid line) in Transistor Q-j, it will produce a 
linear slope compared to the rounded slope of the 
measured collector current. The equation 


^ C-j N2 


(5) 


will hold true, where Tci is equal to the magne- 
tizing current reflected into the primary winding 
plus the actual measured collector current Ic-j. 

Similarly, when Transistor Q 2 turns on, the trans- 
former transfers energy from the input power 
source to the secondary. Some energy is also stored 
in the core due to the unsymmetrical flux density 
in the core. The magnetizing current (current level 
above dotted line in Figure Id) is subtracted from 
the measured collector current. 


The equation 


^ C2 N2 



( 6 ) 


will hold true, where Ic 2 is equal to the actual 
measured collector current minus the magnetizing 
current reflected into the primary winding. 


The imbalance In volt-seconds causes the flux 
density to drift towards one side of the hysteresis 
loop. This causes an Imbalance in the collector cur- 
rents of the transistor switches. The imbalance in 
volt-seconds will be compensated, to some extent, 
by an adjustment in the collector currents of the 
two transistor switches. As the collector current 
decreases the storage time increases andVcE(SAT) 
decreases as shown in Figures 2 and 3. This effec- 
tively increases the volt-seconds. The I r drop In the 
primary winding also helps to balance the volt- 
seconds in the transformer. These collector cur- 
rents will vary until the proper volt-second balance 
is obtained In the transformer. If no corrective 
scheme Is provided to balance current in the 
switch, the following disadvantages are present; 

1 . The required current ratings of the transistors 
and rectifiers must be Increased. 

2. The Vqe( 5 /\j) losses will be increased. 
Furthermore switching losses will be even 
higher, especially in high voltage power 
converters. 






.t . tr- 

'1 <2 ^3 




Figure lb. Voltage Waveform at Collector of Q 2 . 
0.85A, 


I 


0.7A 

0.25A 


Figure 1c. Ig.^ Current Flowing in Transistor Q-j. 

I 1 .80A 

1.1A 


0.25A Y 


0.85A 


Figure Id. Current Flowing in Transistor Q 2 . 


1 .30A 1 _2A 



0 


Figure If. Load Current in Ip^- 


0.55A 




Figure 1g. Magnetizing Current in Secondary. 


Figure 1. Gallery of Waveforms of a Push Pull P.W.M. 
Switching Regulator 
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3. Losses in the core increase as a function of 
the square of the maximum operating flux 
density. As the core temperature goes up, 
the losses in the core also increase, thus, the 
potential exists for thermal runaway in the 
core. 

4. The leakage inductance is proportional to 
the maximum operating flux density. The 
imbalance causes high leakage inductance, 
and excess voltage stress across the transistor 
and rectifier. 

5. If the core goes into saturation, it creates 
excessive current In the power switches, can 
result in forward bias second breakdown, 
clamped reverse bias second breakdown, 
and increased radiated and conducted EMI. 



0123456789 10 
Iq — Collector Current (A) 

Figure 2. Storage Time vs Collector Current 


o 
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< 

CO 


LU 

O 

> 



01 23456789 10 


— Collector Current (A) 


Figure 3. (SAT) vs Collector Current 


BASIC PRINCIPLE 

An air gap in the E-E core can be used to prevent 
core saturation in PWM converters. The air gap 
reduces residual flux density in a square loop 
transformer and prevents core saturation during 
the start-up condition. However when there is a 
volt-second Imbalance, the air gap does not prevent 
core saturation. 

If the air gap Is placed in only one of the outer legs 
of an E-E or EC core configuration, as shown in 
Figure 4a, then it allows a means of detecting core 
saturation, and by using this signal, to provide 
symmetrical flux swing in the core. 

The primary winding and secondary winding are 
placed in the center leg of the E-E core, while the 
auxiliary winding is placed In the outer leg which 
contains the air gap. 

The peak output voltage of the auxiliary winding is 
detected with Diode D-i, D 2 and Capacitor C-i. The 
Resistor R-j in parallel with Capacitor C-i provides 
the reset for another cycle by discharging the capa- 
citor. The voltage developed across Ri and C-| is 
proportional to the maximum rate of change in 
flux at the instant when the transistor switch turns 


The total amount of flux passing through the outer 
leg with the air gap is inversely proportional to the 
magnetic length of the opposite side of the leg. As 
the flux density in the center leg increases, a larger 
and larger area of the core at the point where the 
two E cores meet on the opposite side of the leg 
will become saturated. Note that only the edge of 
the core will saturate, while the rest of the core 
(leg with no air gap) will not saturate. As It satu- 
rates further, the reluctance of this leg increases, 
thus its effective magnetic length increases. This 
phenomenon forces more flux into the leg which 
has the air gap. 

The voltage developed in the auxiliary winding is 
expressed by Faraday's Law: 


V = N 


d^2 

dt 


X lO'S 


(7). 


Where N is the number of turns. Thus the magni- 
tude of developed voltage will depend upon the 
rate of change in flux with respect to time. Since 
the air gap is in only one leg of the E-E core, the 
term |d4>2/dt| changes continuously and depends 
upon the flux density in the center leg. Thus the 
output voltage from the auxiliary winding also 
varies with respect to time. 


The same results can be obtained with using a core 
as shown in Figure 4b. The advantage of using this 
core is that the leakage inductance will be less 
compared with the previous technique. 
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Figure 5 shows the B-H curve (solid line) of an E-E 
core with an air gap in only one leg. It lies between 
the E-E core with an equal air gap in both sides of 
the outer legs and a core with no air gap. From this 
figure it is obvious that |d^/dt| changes with the 
flux density and is a non linear function. Figure 6 
shows variation in inductance with magneto-motive 
forces. 

Figures 7 through 9 show the voltage developed in 
the auxiliary winding at different values of the 
magnetizing current. The magnetizing current is 
directly proportional to the maximum flux level 
for a given transformer. In these waveforms the 
initial flux density is set at zero and the allowed 
flux swing is in the 1st quadrant only. The magni- 
tude of the error signal (when the transistor switch 
turns on) is the same in all three figures since 
's the same. As the magnetizing current 
increases, the developed error signal due to 
in the winding around the outer leg (with the air 
gap) also Increases because d<l> 2 /dt Increases with 
flux density. From the shape or the collector cur- 
rent it is obvious that the core is not saturated. 

Figure 10 shows the voltage developed across 
Resistor R-j from the auxiliary winding and also 
the current In the two transistors Ic^ and Ic2- The 
current waveforms show that there is no symmetry 
in the flux of the core. Figure 11 shows the same 
output voltage peak detected by paralleling Capaci- 
tor C«j across Resistor R^. The voltages developed 
are not symmetrical during the alternative half per- 
iod of the cycle. Figure 12 shows that when the 
developed voltage is fed back to the control circuit, 
it produces flux symmetry in the core. This can be 
seen by the equal magnitude of the collector 
currents. 

The initial amplitude of the voltage from the 
auxiliary winding (after the transistor turns on) can 
be used to further improve performance. This can 



Figure 4b. Tapered Air Gap in One of the Outer Legs of 
the E-E Core 


be accomplished by gating the output voltage of 
the auxiliary winding with a pulse width of a few 
microseconds. 


Effective B-H curve with air 
gap in only one leg 



Figure 5. Effects on Hysteresis Curve with Air Gap in Only 
One Leg of E-E Core 



Figure 6. Inductance vs Magnetomotive Force 
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Error Signal 
V Scale = 
.5V/div 

1^,^ Collector 
Current 1A/cm 

Diode Current 
IDv ID2 
1 A/cm 



Error Signal 
V Scale = 
.5V/div 

Ic^ Collector 
Current 2A/cm 
Diode Current 
'Di- ID2 
1 A/cm 


Error Signal 
V Scale = 
.5V/div 

Ic-] Collector 
Current 2 A/cm 
Diode Current 

IDv ID2 
1 A/cm 


Figure 9. Error Signal Developed at 
Magnetizing Current = 700 mA 

CLOSING THE LOOP 

The developed voltage across R-j and C-j is fed 
back to the control circuit {UC3524). 

This voltage can be fed into the control circuit 
in one of three ways: 

1. AC coupled into the output of the error 
amplifier. Since this amplifier is a trans- 
conductance design, the output has very 
high impedance (approximately 5 IVI^2). 
The feedback signal from the auxiliary 
winding is modulated at this point with 
the output voltage of the error amplifier. 
The output pulse width is corrected to 
provide symmetry as well as to prevent core 
saturation. 




Primary cur- 
rent Ic^, Ic 2 
2A/cm. 


Voltage 
developed at 
Point A in 
Fig. 4, due 
to unequal 
volt-sec, Cl 
is removed 
2V/cm. 


Figure 10. Without a Feedback 
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Figure 11. Without a Feedback 
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Figure 12. With a Closed Loop 


2. Into the non-inverting input. This can be 
achieved by (a) lifting up 4.7K from ground 
in the Nl circuit, (b) adding 10012 in series 
with 4.7K and the other side of 10012 re- 
turning to ground, and (c) adding a feedback 
signal at the junction of the 10012 and 4.7K 
resistors. The peak to peak amplitude of the 
signal fed into the Nl input has to be less 
than the output ripple voltage fed into the 
INV input. Feeding signals in the Nl or INV 
inputs will provide flux symmetry in only 
DC conditions. 

3. Feeding the signal at the INV input. This 
requires an opposite polarity signal, which 
can be obtained by reversing the diodes in 
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Figure 4. The modifications required to 
change the circuit are the same as listed 
above. Also in this case the peak to peak 
amplitude of the signal fed into the INV 
input has to be lower than the peak to peak 
output ripple voltage fed into the INV input. 

To obtain adequate signal at very low input voltages 
may require a low Vp diode. 

PWM PUSH-PULL CONVERTER 

A complete schematic of the PWM Push-Pull Con- 
verter using this technique is shown in Figure 13. 
The power switch is a Unitrode hybrid circuit, the 
PIC636, which is housed in a 4 pin electrically 
isolated TO-66 package. It provides the advantages 
of low RFI and ease in heat sinking due to the 
electrically isolated package. Constant base drive is 
provided by small signal transistors (2N2905). The 
output rectifier is a center tap TO-220 fast re- 
covery (35nS) rectifier. The control chip is a 
UC3524 PWM voltage regulator. The soft start 
function is performed at the Nl input by allowing 
the reference voltage to come up slowly when the 
input power supply is turned on. The feedback 
signal from the auxiliary winding is fed Into the 
compensation terminal (output of the error ampli- 
fier) with Resistors R2/ R3 and Capacitor C2. The 
steady state and transient response of the circuit 
was evaluated: it provides flux symmetry and 
prevents core saturation under these conditions. 


HALF BRIDGE CONVERTER 

The method described in this paper can be used 
for half bridge configurations as shown in Figure 
14. It does not require a low ESR, high voltage 
capacitor in series with the primary of the trans- 
former. The DC balance Is provided by Capacitors 
C-| and C2. Thus, this technique offers a low cost 
solution In preventing core saturation and in pro- 
viding flux symmetry. 

BUCK REGULATOR 

In a buck regulator, the method described here can 
be used to provide the current limiting function 
without a current sense resistor. 

The circuit shown in Figure 15 is a high perform- 
ance buck regulator. It utilizes the Unitrode 
power hybrid switching regulator circuit, PIC625. 
The high performance transistor chip and fast 
recovery (20nS) rectifier diode are mounted in an 
electrically isolated 4 pin TO-66 package. The 
control circuit is a Unitrode Corp. PWM voltage 
regulator chip. The inductor L utilizes the equal 
E-E core configuration with unequal air gaps in the 
side legs. The main winding is placed on the center 
leg while the two auxiliary windings are wound on 
the outer legs. The output voltage from these 
auxiliary windings are compared using Transistor 
Qg. The magnitude of the current limiting is 
adjusted with Resistor R-j. When the current in 
the hybrid circuit, PIC625, exceeds the set current 
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limit, Q3 turns on and the voltage developed across 
C-j and R2 is fed into transistor switches Q-i and 
Q2. The transistor Q2 removes l^e drive current 
from the PIC625 instantaneously. It provides 
protection during the transient condition. The 
transistor switch Q-| provides the function of cur- 
rent foldback by discharging the soft start capaci- 
tor C2. The transient response of this circuit is 
shown in Figure 16. The current in the switching 
transistor during short circuit and normal opera- 
tion mode is shown in Figure 17. 


Ein = 350V 



The flux correction circuit eliminates the need for 
capacitor C 3 in series with primary of the transformer 


CONCLUSION 

The low cost circuit described in this paper prevents 
core saturation due to unsymmetrical flux, and 
provides equal collector current in the transistor 
switch and in the rectifier diodes. The power 
dissipation of these switches is kept in balance. 

Further advantages of this approach are: 

1. a. In a push-pull converter, the need for an 

inductor is eliminated, thus, the size,cost 
and weight are reduced. 

b. Transient response time is improved. 

2. In a bridge type converter, a capacitor (low 
ESR, high voltage) in series with the primary 
of the power transformer is not required. (In 
conventional designs even with this capacitor, 
there exists a danger that the core can be 
driven into saturation under transient 
conditions). 

3. In a buck type converter, it allows the cur- 
rent limiting function to be performed 
without a current sense resistor, thus im- 
proving the performance. 

4. Storage time and ^CE(SAT) i^^tching 
of the transistor switches are not required. 

5. More efficient use of the transformer, allow- 
ing smaller, lower cost magnetics is achieved. 

6. In an off-line converter, isolation is main- 
tained. 


Figure 14. Half Bridge Converter 


Ferroxcube 

782E272 



Figure 15. High Performance Buck-Type Switching Regulator 
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Current 


Figure 16. 

Collector currents for step change 
in load from 1 A to 5A, to 1A. 


Figure 17. 

Collector currents, l|_ = 1A and under 
short circuit conditions. 
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HYBRID CIRCUITS FOR LOW VOLTAGE 
SWITCHED-MODE CONVERTERS 


ABSTRACT 

Hybrid circuits offer many advantages over the 
conventional discrete approach in switched-mode 
converters. This paper deals with the construction 
of the hybrid circuit and its thermal considera- 
tions. It examines the efficiency of a buck regu- 
lator employing a saturated transistor versus the 
optimized darlington configuration. Also con- 
sidered are the effects of reverse recovery of the 
rectifier and base spreading resistance of the tran- 
sistor on the efficiency of a switching regulator. 
Finally, applications of standard hybrid circuits 
for switched-mode converters are discussed. 

I. INTRODUCTION 

Recently a rapid increase in the use of hybrid 
circuits in switched-mode power converters is 
evident due to their inherent advantages. Some of 
these advantages are: dc and high frequency 
electrical isolation, ease in heat sinking multiple 
power components within the single hybrid pack- 
age, reduced stray parasitics, and finally, lower 
overall cost compared to the discrete approach. 

The hybrid circuit approach requires careful con- 
sideration of thermal design for maximum reli- 
ability and proper selection of silicon chips for best 
electrical performance. This paper provides an 
overview of the construction of a typical power 
hybrid switching regulator circuit and its thermal 
design considerations. Also considered are the 
effects of the reverse recovery time of the recti- 
fier and the base spreading resistance rg 0 ',of the 
power switching transistor on the efficiency of the 
switching regulator. Applications and advantages 
are also discussed for types of hybrid circuits 
which are designed for low voltage applications 
and other types designed for ''off-line'' switched 
mode converters. 

II. CONSTRUCTION 

The power hybrid circuit PIC600 is the power out- 
put stage of a buck type switching regulator as 
shown in Figure 1. It consists of a high speed 
darlington-connected transistor pair, a commu- 
tating diode and two thick film biasing resistors. 
These components are housed in a 4 pin elec- 
trically isolated TO -66 package. 

The manufacturing procedure for these devices Is 
divided into two stages. First, a BeO substrate 
is chosen because of its excellent thermal 
conductivity, — 70% as good as copper. The 
interconnection paths, pad areas for the wire 
bonds and the thick film resistors are screen 


printed onto the BeO substrate and then fired 
in high temperature furnaces. For optimum per- 
formance, the tolerances of the thick film resistors 
are maintained within 10 % of their design values. 
The semiconductor devices used in the circuit are 
all silicon planar passivated devices and are gold 
eutectic mounted. Aluminum ultrasonic wire 
bonding is used for Interconnections. 

In the second stage the BeO substrate is soft 
soldered to the header for good heat transfer. 
A copper slug is interfaced between the BeO sub- 
strate and nickel plated steel header. The copper 
slug is used to relieve mechanical stress between 
the BeO substrate and the header and to provide 
heat spreading resulting In lower thermal resistance. 

III. THERMAL CONSIDERATIONS 

The design of the power hybrid circuit requires 
careful consideration to optimize important 
thermal requirements; thermal cycling, resistance, 
and partitioning. To obtain maximum thermal 
resistance, overlapping heat flow should be avoided. 
As shown in Figure 2, heat flow from silicon chips 
#2 and #3 overlaps, thus reducing the thermal 
capability. No overlapping heat flow occurs from 
chip # 1 . 

Thermal resistance of the package can be calcu- 
lated by the formula: 

RT = pi: 

where t is the thickness of material through which 
heat flows, p is the thermal resistivity of the mate- 
rial and A is the average area through which heat 
flows. 

In making a conservative calculation, it is assumed 
that heat flux diverges at approximately a 45° 
angle for all the materials except the copper slug 
(62.5°) due to high conductivity. 

The thermal resistance calculation of a hybrid 
circuit is shown In Figure 2. The copper slug 
between the BeO and header reduces the thermal 
resistance of the package (by about .32°C/W) by 
spreading the heat flow through a large area of 
the steel header. 

This calculation assumes that no voids are present 
at the interfaces. 

IV. COMPONENT AND CIRCUIT SELECTION 

Achieving maximum efficiency in a buck-type 
regulator requires proper selection of electrical 
characteristics of the transistor switch and catch 
diode. Optimum efficiency can be obtained with a 
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DEFINITION: 




P 

t 


Temp. Coef. 

Rest. 

Thickness 

Material 

10-6 °C 

°C-in/W 

in mils 

A — Silicon 

4.2 

.303 

5 

B — Si Au Eut. 

14 

.182 

3 

C - BeO 

6 

.152 

20 

D — Solder 

23 

.8 

4 

E — Copper 

16 

.104 

10 

F — Solder 

23 

.8 

3 

G — Steel 

11 

.884 

65 


*Rj - p (^) 

Figure 2. Heat Flux Line in a Hybrid Circuit 


Total 


RT* of 
PIC625 

.214 

.0718 

.249 

.187 

.04614 

.0836 

1.043 

1 .8954 
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Schottky rectifier because it has lower forward 
drop than nnostPN junction devices. The Schottky 
rectifier is a majority carrier device and has zero 
reverse recovery time. However, the Schottky 's 
high junction capacitance (10 times greater than 
PN junction devices) produces the same effect as 
the trr of PN junction devices. Junction capaci- 
tance does not change appreciably with tempera- 
ture, so the effective reverse recovery time remains 
the same with respect to temperature. Since 
commercially available Schottky rectifiers have 
only a 45V PIV rating, the absolute maximum 
input voltage of the buck type regulator is limited 
to only 45V. 

Ultra fast PN junction devices are available with 
the same effective reverse recovery as Schottky 
rectifiers with a higher (up to 400V) PIV capa- 
bility. The somewhat higher forward drop of the 
PN junction devices does not degrade efficiency 
at higher voltages. 

The way in which a device recovers from for- 
ward conduction is also important. In high voltage 
(>1000V) power supplies, it is desirable to have 
abrupt reverse recovery time for optimum effi- 
ciency. In low voltage, high current power supplies 
a soft reverse recovery rectifier Is better suited 
from the RFI viewpoint. 

Figure 3 shows the effect of a diode recovery time 
on transistor power dissipation. The reverse re- 
covery time of the catch diode requires the tran- 
sistor to conduct higher peak current for a longer 


U-82 


duration In the active region. This significantly 
increases RFI and also increases the power dissipa- 
tion In the transistor, and may cause second 
breakdown. 

For reliable circuit operation, trr should be much 
less than the current rise time of the transistor. 
This ensures minimum current overshoot in the 
transistor and also minimizes the amount of time 
the transistor spends In the active region during 
turn-on, resulting in lower power dissipation and 
increased efficiency. However, to obtain maximum 
efficiency, all switching times, (including current 
rise time) should be as fast as possible. The rectifier 
should be selected such that its trr is one third or 
less of the current rise time of the transistor. In 
switching regulator applications, it is also essential 
that the storage and fall times be as low as possible. 

When turn-off is achieved without the assistance of 
IB2# it is important that the power output tran- 
sistor have the following characteristics for best 
performance: 

1. Larger emitter periphery area with a triple 
diffused or double diffused epitaxial con- 
struction to provide lowest effective col- 
lector series resistance to prevent forward 
biasing of the collector-base junction. 

2. The base spreading resistance, rgg'^of the 
device should be lower than the external 
biasing resistor. This will provide low storage 
time and fast fall time. 



Figure 3. Importance of Reverse Recovery Time of a Rectifier 
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T 
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Figure 4. Effect of rBB» Switching Times 
and Dynamic Saturation 


The resistor turn-on biasing method works satis- 
factory up to 10A for a low voltage device without 
affecting the efficiency of the switching regulator. 
Another advantage of the resistive turn-off circuit 
is that it limits current crowding during turn-off 
thus increasing the reliability of the circuit. Since 
the driver transistor operates in a saturated mode, 
the device should have a high gain-bandwidth 
product to minimize overall storage time. 

The hybrid circuit PIC600 consists of two tran- 
sistors connected in a darlington configuration. 


The internal biasing resistors of these transistors 
are sufficient for fast turn-off without requiring 
any Ib2- 


The table shown in Figure 5 compares the effi- 
ciency of a saturated transistor (2N4150) versus 
the hybrid darlington as the switching element in 
a 50 kHz buck regulator. In each case, the output 
device has the same size silicon chip. 


Pass 

Transistor 

Power Losses 
(Watts) 

Tj = 25°C 

Efficiency 

1“^ = 0.5 
tin 

^ = 0.2 
tin 

2N4150 

(Saturated) 

D.C. Losses 0.7 

Switching Losses 2.27 

Drive Losses 0.13 

Diode Losses 4.76 

84.79% 

81 .66% 

PIC625 

(Darlington) 

D.C. Losses 1.4 

Switching Losses 1.53 

Drive Losses 0.15 

Diode Losses 4.76 

82.8% 

81.69% 


Conditions: f = 50KHz 

Eo = 5V 
Io = 7A 

Same size output device for both cases. 


Figure 5. Comparison Between Saturated and Darlington 
Pass Transistors in a Buck Type Switching Regulator 
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In the saturated transistor approach, the transistor 
is driven with a forced Beta of 5 during turn-on 
and turn-off. However, in the darlington configura- 
tion, no turn-off base drive is employed. Typical 
measured switching times and saturation voltages 
are used to calculate losses. 

From the table in Figure 5, it is evident that the 
hybrid darlington approach provides best results 
In terms of efficiency when the ratio between the 
output and input voltage is less than 0.25. In a 
darlington configuration, if the output device is 
kept out of saturation, then the rise, fall and stor- 
age times will be reduced compared with the 
saturated transistor. Even at higher output/input 
voltage ratios the loss in efficiency because of 
higher VcE(SAT) is minimal compared to the 
complexity and cost of a drive circuit required for 
a saturated transistor. 

The plot in Figure 6 shows dc power dissipation 
of a PIC625 at various duty cycles and tempera- 
tures. The efficiency of the regulator depends 
heavily upon output voltage. Switching losses of 
the PIC625 under conditions shown in Figure 6 
are: 

25° C - 0.875W 

-55°C - 0.525W 

125°C - 1.476W 


V. APPLICATIONS 

Different applications of power hybrid circuits are 
discussed In this section. 

Low Voltage Hybrid Circuits «100V) 

Some applications of low voltage hybrid circuits 
are: low and high current positive and negative 
buck-type regulators, bidirectional motor driver 
circuits, PWM push-pull and half bridge converters. 
Each is discussed briefly as follows: 

a. Buck Type Switching Regulator 

The schematic of the low cost, free running 
buck switching regulator is shown In Fig- 
ure 7. When the output voltage is lower than 
the reference voltage, transistor Q2 is off 
and transistor Qi Is on and provides the base 
drive to the power hybrid circuit PIC600. 
The current In inductor Li Increases linearly 
and continues to charge the output capacitor 
Cq. When the output voltage exceeds the 
zener voltage of diode Di (plus some fixed 
fraction of Vbe of transistor Q2) transistor 
Q2 turns on and removes base drive current 
from transistor Qt and hybrid circuit 
PIC600. Resistor Rb and capacitor C-j are 
used to provide fast switching times. The 
output voltage is trimmed with resistor R3. 
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Figure 6. Losses and Efficiency — PIC625 
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Qi,Q2 = 2N2222 

'^= 80.3% Load Regulation = .2% Line Regulation (25 55V) = 2% 


Figure 7. Low Cost Buck Regulator 


b. High Frequency Switching Regulator 

Low voltage hybrid circuits can be operated 
as high as 250 kHz due to their fast switch- 
ing times. When these devices are used above 
100 kHz, the storage time of the driver 
transistor must be reduced. This can be done 
by using a Baker clamp with resistor Ri and 
diode O'! as shown in Figure 8. 


The advantages of operating a buck regulator 
at higher frequencies are: 

— Lower filter cost 
— Reduced size and weight 
— Improved transient response 
— Output ripple voltage less dependent 
upon ESR of capacitor 
— Simpler EMI and RFI filtering 


PIC600 L = IOOmH 
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c) Extending Output Current Capability up to 
20A 

The output current capability of a buck 
regulator can be extended by (1) paralleling 
the output devices as shown in Figure 9 and 
(2) the use of a high current device as shown 
in Figure 10. 

The advantages of paralleling output devices 
are that it allows the device to operate with 
a relatively simple drive circuit and provides 
simplicity of heat sinking. On the other 
hand, proper current sharing during the on- 
time period and turn-off time is required. 
The circuit shown in Figure 9 provides the 
circuit technique to do just that. The only 
drawback is that it requires a dead-band 
period which must be greater than 0.1 L, 
where L is the inductance value of the com- 
mon mode choke Li. 

Another method Is to use high current 
devices like the PIC740, a power output 
hybrid circuit. It consists of a 25A power 
output transistor and Schottky rectifier. 
The device is housed in a 3 pin TO-3 package 
with copper-core pins. The heat generation 
is kept to a minimum by using the Schottky 
rectifier and copper-core pins which allow 
the use of the TO-3 package for 25A buck 
type regulators. The limitation of these 
devices is that the maximum input voltage 
is only 40V. These devices can be used in 
high efficiency, high current buck switching 


regulators. In high current applications, 
careful consideration should be given to the 
drive circuit when the output device of the 
PIC740 is operated in the saturated mode. 
An increase of up to 5% In efficiency com- 
pared to the darlington can be realized at 
15A output current. 

PWM Push-Pull Converter 

The circuit schematic shown In Figure 11 Is a 
width modulated push-pull converter. It utilizes 
the Unitrode PIC636 power hybrid circuit. 

Flux symmetry^ in the transformer core Is pro- 
vided by introducing an air gap in only one leg of 
the EE core configuration. The voltage developed 
across resistor R'\ and capacitor C-j is proportional 
to the flux density in the center leg of the EE 
core. This developed voltage Is fed back into the 
control circuit at the output of the error ampli- 
fier. The output pulsewldth is corrected by the 
developed voltage across Ci and Ri, providing 
flux symmetry in the power transformer. 

Bidirectional Motor Drive Circuit 

These power hybrid circuits can be employed to 
drive inductive loads, such as DC motors, stepper 
motors, and hammer drivers. Small inductors Li 
and L2 limit cross-conduction current during 
switching times of the two hybrid circuits. The 
excellent switching properties of the hybrid cir- 
cuit allow the circuit to be operated with high 
efficiency up to 100 kHz, improving transient 
response of the circuit. 


PIC625 
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Figure 10. Simplified Schematic of 20A Buck Type 
High Efficiency Switching Regulator 


Figure 12. Bidirectional Motor Drive Circuit 



Figure 11. PWM Push-Pull Converter 
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VI. CONCLUSION 

A wide variety of power hybrid circuits in standard 
packages for switched-mode converter applications 
have been developed by Unitrode. Power com- 
ponents were carefully selected for optimum 
electrical performance. In many Instances these 
hybrid circuits not only provide superior electrical 
performance but also reduce the overall cost of the 
power supply by reducing production labor and 
repair cost. 
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INCORPORATE ACTIVE INRUSH CURRENT LIMITING 
TO IMPROVE RELIABILITY AND EFFICIENCY 
OF POWER SUPPLIES 


Active inrush-current iimiters— unlike fuses and circuit breakers — 
prevent dangerous situations instead of only reacting to them. 
Apply limiting techniques, and you need not employ extra-hefty 
rectifiers just to ensure rectifier survival during turn on. 


The input filter capacitor employed in many 
power-supply designs creates a potential problem- 
high inrush current. Fortunately, though, adding a 
few extra components can prevent inrush current 
and its associated circuit damage. 

How does the input capacitor cause such prob- 
lems? Intentionally chosen for high storage capaci- 
ty and low equivalent series resistance (ESR), it 
behaves like a nearly perfect short circuit when the 
supply first turns on. The resulting short-duration 
peak inrush current can reach levels much greater 
than the tolerable single-cycle ratings of the 
supply's semiconductor rectifiers (thus destroying 
them) and still not contain sufficient total energy 
to open protective fuses or circuit breakers. Addi- 
tionally, the supply's rapidly rising voltage and 
current levels could cause dv/dt- or di/dt-sensitive 
devices in neighboring hardware to fail or mal- 
function. 


40 nH 



I I 


Figure 1. Based upon this generalized model, analysis 
indicates the inrush-current problem's magnitude. 
Chosen for its low ESR, the input filter capacitor (Cj) 
behaves like a nearly perfect short circuit when the 
supply first turns on. 



ECAP 

TRANSIENT ANALYSIS 


C 


B1 

N(0,1), R = .1 

B2 

N(1,2), L = 150E - 

B3 

N(2,3), R = .1 

B4 

N(3,0), C = 7000E 

B5 

N(3,4), R = .001 

B6 

N(4,5), L = 40E - 

B7 

N(5,6), R = .1 

B8 

N(6,7), L= 10E - 

B9 

N(7,0),C= 1000E 

El 

(1), 0,0, 0, 160 


TIME STEP= 100E -6 
FINISH TIME = 3E - 3 
1ERROR = 1 
PRINT NV, CA 
PLOT, (SCALED), CA(6) 
BINARY, NV, CA 


15 


Figure 2. Peaks greater than 200A are 
predicted by ECAP for the circuit model 
shown in Figure 1. 
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Turn on an analysis before 
you turn on a power supply 

Computer analysis proves useful 

To appreciate the inrush-current problem, con- 
sider an estimate of its magnitude before examin- 
ing possible control techniques. Figure 1 depicts 
a model of the ac-input and rectifier/filter sections 
for a typical power supply. Although shown in a 
straight off-the-power-malns configuration, the 
model should be valid for any other design with 
the same output-power capability. 

An ECAP computer analysis performed for this 
circuit assumed worst -case conditions: switch 
closure at 160V (peak voltage). The results (Fig- 
ure 3) of a typical design. The current pulse's 
high level and short duration could generate severe, 
localized hot spots In rectifier junctions or cause 
false triggering of rate-sensitive devices elsewhere 
in the circuit. 

A standard approach to current limiting is depicted 
in Figure 4a— a resistor. It's simple, reliable and 
easy to design in, but efficient it isn't. At any cur- 
rent level, It dissipates power that would otherwise 
be available to the load. The resistor does perform 
a surge-current-limiting function, however. 



Figure 3. Measured inrush current appears close to that pre- 
dicted in Figure 2. This large current inrush could cause 
junction hot spots and generate troublesome EMI. 

Alternatively, a thermistor-controlled current 
limiter (Figure 4b) alleviates the resistor's effi- 
ciency problems to some extent, but It aggravates 
the dropout-recovery problem. The same cold-to- 
hot resistance variation that permits turn-on 
current limiting and high efficiency at low opera- 
ting currents falls in dropout-recovery situations: 
The thermistor's long thermal time constant 
prohibits fast recovery. 




Figure 4. Two common methods of inrush limiting 
employ either a resistor (a) or a thermistor (b). But 
if the resistor is large enough to effectively control 
surge currents, it also significantly reduces efficiency. 
The thermistor, while more efficient, offers little 
protection during dropout recovery because of its 
long thermal time constant. 



NOTES 
Ri: 3, 5W 

R2: 0.2, low 

R3; 3k, 5W 
R4: Ik 
R5: Ik, 2W 
Re: 2k 


Cl : 1000 juF 
C2: lOjuF 
C3:2mF 
□ i: UZ4715 
□2: 1N4245 
D3; UT680-4 


Ql : L2R06254 
02 : UPT312 


Figure 5. SCR soft starting bypasses the current -limit- 
ing resistor (Rf) when the peak-detected voltage 
across Q/ drops below the zener breakdown, i.e., 
when Cj becomes almost fully charged through /?/. 
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SCR spells efficiency 

In view of resistor and thermistor drawbacks, 
active soft-start designs offer a best-of-both-worlds 
solution— effective inrush limiting, fast recovery 
and high operating efficiency. This type of circuit, 
shown in Figure 5, essentially Incorporates a cur- 
rent-limiting resistor (R-j) and a bypass switch 
(Q-l). At turn on, Q-] is OFF, and the surge cur- 
rent (Is) develops a voltage across R^i . This voltage 
Is peak detected by D2 and stored in C2. When the 
voltage exceeds D-j's zener breakdown— an event 
that should occur almost instantaneously— Q2 
turns on, disabling Q^'s gate-triggering network 
(R3C3). As the power supply's filter capacitor C-i 
charges up, the inrush peaks diminish until the 
detected lsRl voltage falls below D-i's zener 
breakdown. Q2 then turns off, and the R3C3 net- 
work charges up and fires Q-j , bypassing R -j . 

This circuit recovers rapidly enough to limit in- 
rush currents that could occur as a result of even 
short line dropouts. When the ac Input voltage 
goes to zero, the voltage across Q-) also goes to 
zero, and Q-j turns off. When the Input voltage 
reappears, Q2 keeps Q-j's gate circuit OFF until 
R*! has allowed C-i to become almost fully charged. 

Figure 6 graphically depicts this design's Inrush- 
limiting ability. Note how the IsRi voltage level 
(upper trace) tracks the diminishing inrush-current 
pulses (lower trace) for the first three cycles. At 
the 17-msec point (slightly after the third current 
pulse), the peak detected voltage has dropped 
below the zener breakdown point, and Q-j switches 
on, bypassing R-|. Then R2 limits inrush currents. 



Figure 6. Inrush-current pulses of decreasing magnitude 
(bottom trace) lower the SCR's hold-off voltage (upper 
trace). After 17 msec, the SCR fires. 

After determining your design's maximum continu- 
ous dc output current (Iq) and inrush limit (1$), 
you can select an appropriate SCR. (The major 
SCR considerations are the peak repetitive block- 
ing voltages and the maximum average plus peak 
current levels.) Typical SCRs exhibit a gate-turn- 
on voltage (Vqt) of about 0.6V; typical power- 
supply circuits exhibit a di/dt of about 1A//isec— 
two quantities required for calculating the values 
of the other critical components: 

Ri=V2Vac/IS 
R2 = Pr2/I0^ 

Vz= IsR 2 

C3>(2V2 VacVz)/(R3VgtR 1 (di/dt)). 


o 

117V AC 
Line 


O 


NOTES 

Di: UZ4718 
□2: UT680-4 
D3: 1N3612 
Ql : L7B08104 
□2: UPTA510 
Q3: U2TA506 
Q4; 2N6027 
Ti: SPRAGUE 



■O + V 


o 


1000 )uF 


Dl 


-O 


Figure 7. Phase controlling a triac limits inrush-current pulses' amplitude and duration. Cycle-by-cycle triggering — 
handled by the PUT comparator — ensures instant recovery from line dropouts. 
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Switch out the limiting resistor 
when the inrush is over 

In the second equation, specify Pr 2 the maxi- 
mum power your requirements allow across R2. 

Another effective inrush-current limiter is the 
phase-controlled triac design shown in Figure 1 , 
which operates by controlling the conduction time 
of the current surges. Initially, the dc voltage (Vq) 
across Ci builds up slowly because of Ri's current- 
limiting action. This dc voltage helps establish a 
reference (via Rn and zener diode Dt) for the 
programmable unijunction transistor (PUT) Q4 and 
charges the phase-control timing capacitor C2 (via 
R3). The PUT fires when its trigger point is 
reached, turning the triac on. Thus, when Vq is 
initially low, C2 charges slowly, and the triac 
triggers on late In the half cycle. As Vq rises Qi 
turns on earlier in each cycle until nearly 100% 
conduction is achieved. 



Figure 8. Triac conduction follows the gradually increasing 
dc output voltage, decreasing the would-be inrush current. 
When the output voltage reaches design level, the triac is 
bypassing the current Hmiter nearly 100% of the time. 

The remaining circuit components (D3, Q2, Q3, 
etc) discharge timing capacitor C2 on each half 
cycle, thereby assuring cycle-by-cycle current 
limiting and fast recovery from dropouts. Figures 
depicts the relationship between the ac input 
voltage, the dc output voltage and the varying 
conduction angle of the triac. 
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HYBRID CIRCUITS FOR OFF-LINE 
SWITCHING POWER SUPPLIES 


1 . Introduction 

Hybrid circuits offer many advantages over the 
conventional discrete approach for switching 
power supplies, which has resulted in a rapid 
increase in their use. These advantages include 
ease in heat sinking multiple power compo- 
nents, while maintaining DC and high fre- 
quency isolation, reduced stray parasitics and 
lower overall cost. This application note dis- 
cusses one of the hybrid circuits built by Unit- 
rode, its components and construction, and 
two applications in detail, a Forward Converter 
and a Half-Bridge Converter. 

2 “Off Line” Hybrid Circuits 

2.1 Advantages 

The Unitrode PIC800 series are "Off Line" hy- 
brid circuits consisting of a high voltage power 
transistor and a fast recovery diode mounted in 
a 4 pin electrically isolated TO-66 package. The 
following advantages can be derived by using 
these power hybrid circuits: 

a) Reduced EMI because of 

1. Lower capacitance (10pF instead 
of 100pF) between the case and ac- 
tive components compared to the 
conventional TO-66 package, and 

2. faster recovery time of the rectifier 
(less than 40nSec). 

3. the close proximity of the diode 
and transistor chip; this also re- 
sults in reduced ringing. 

b) Heat sinking is simple because the package 
is isolated; devices can be mounted on the 
same heat sink without any precautions re- 
garding isolation up to 800V. 

c) Components are matched for better per- 
formance. 

2.2 Components 

In a high voltage "off line" hybrid circuit a large 
portion of the power dissipation in the transis- 
tor is due to switching losses. The PIC800 series 
hybrid circuits utilize a Unitrode high voltage tran- 
sistor which has been computer optimized for fast 


switching speeds. This optimization and the spe- 
cially interdigitated structure result In lower and 
uniform current injection. The PIC800’s rectifier 
diode, a gold-doped epitaxial device, was chosen 
for a typical reverse recovery time of 20nSec. This 
is less than one-third of the transistor’s current rise 
time, to minimize transistor switching dissipation 
and the generation of spikes and RFI. These 
power hybrid circuits have the capability of switch- 
ing up to 8A at 400V and are designed for such 
applications as high voltage buck type regulators, 
bridge circuits, forward converters, deflection cir- 
cuits and DC motor drives. 


Type 

Peak 

Output 

Current 

Input, Output 
Voltage 

Polarity 

Fall Time 
Voltage Current 
(nS) (nS) 

On-State 
Voltage (n I 
(V) u, I 

Package 

PIC800 

PIC801 

8A 

350 

400 

Pos 

200 

200 

1 5 ru 5 

4 PIN 
TO-66 

(Isolated) 

PIC810 

PIC811 

8A 

350 

400 

Neg 

200 

200 

1 5 fu 5 

4 PIN 
TO-66 

(Isolated) 


FIG. 1a - PIC800 Series Hybrid Circuits 


CONDITIONS 

L . , 

- - Ibi ^ lB2 

Vcc = 125V V(ciamp) 350V 


TYPICAL INDUCTIVE SWITCHING TIMES I 


ts 

tfv 

tf, 

Current Temp 

mS 

nS 

nS 

1 =5/\ 25°C 

.9 

80 

100 

100°C 

1.0 

190 

140 


FIG. 1b - Unitrode Transistor Switching Times 


2.3 Construction 

The PIC800 series hybrid circuit Is shown in 
Figure 2. It combines a transistor and a commu- 
tating diode in a 4 pin electrically isolated TO-66 
package. 

Berillium oxide (BEO) is used for the substrate 
because of its excellent thermal conductivity, 70% 
as good as copper. The Interconnection paths and 
pad areas for the wire bonds are screen printed on 
the BEO substrate and fired in high temperature 
furnaces. The semiconductor devices used in the 
circuit are gold eutectic mounted, and aluminum 
ultrasonic wire bonding is used for interconnec- 
tions. 
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The BEO substrate is soldered to the nickel 
plated steel header with a copper slug between 
them. The copper slug relieves mechanical 
stress between the BEO substrate and the 
header, and provides heat spreading for lower 
thermal resistance. 


PIC800 

PIC801 



DRIVE 

OFF-LINE SWITCHING 

REGULATOR OUTPUT CIRCUIT 

PIC800-811 

Figure 2. PIC800 hybrid circuit 

3. Off-Line Forward Converter 
Application 

This section discusses the design for an off-line 
Forward PWM Converter, 50 watts total to mul- 
tiple outputs. The design employs such features 
as soft start, current limiting and protection 
from output short circuits. The Forward Con- 
verter design uses one PIC811 hybrid circuit. 
The power output transformer uses a demag- 
netizing winding to prevent core saturation, 
as does the base drive transformer. The PWM 
control circuit uses a UC3524 regulator chip. Pro- 
portional base drive reduces the power transistor 


storage time, and an RC snubber limits the turn-off 
power dissipation. 

Section 4 of this application note discusses the 
design for an off-line half-bridge converter. 

Other Unitrode application notes discuss the 
design of buck, boost, flyback and H-brIdge 
type switching power supplies. (Application 
Notes U68A, U80, U76 and Design Note DN-8). 

3.1 Description of Functional Circuits (see Fig. 
3.3) 

Current limiting is performed by measuring the 
collector current of the power transistor Q1 and 
cutting off the base drive of Q1 instantaneously. 
Resistor R6 measures the emitter current in Q1 ; 
when the voltage developed across R6 be- 
comes greater than Vbe of Q4 (0.7V), Q4 turns on 
and diverts Q1’s base current. 

Soft start capacitor C1 1 is at zero volts when the 
power supply is turned on, and CR26 keeps pin 
9 at 0.7V more positive than the voltage on C11, 
which is being charged slowly by R13. 

The maximum pulse width is set by potentiom- 
eter R12 and CR24. Storage time of the power 
transistor Q1 is reduced by using proportional 
base current drive and by providing large base 
turn-off current, using transformer T3 and the 
associated combination of diodes. 

3.2 Specs: 

Input -95 to 135V, 60Hz 

Outputs - 5V @ 3A, ±15V @ 1A 

Regulation - Line; 0.2% for specified AC input. 

- Load (20% to 100%); 5V output, 
0.3%; ±15V output, 3%. 

Ripple & Noise - 50mV peak to peak for ±15V 
outputs, lOOmV for5V output. 

Frequency - 30KHz 
Efficiency - 78% 

Features: 

Short circuit protected 
Soft Start 
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3.4 Waveforms 
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3.5 Power Transformer Design for Forward 
Converter 

Use an EC-41 -3C8 EE core (Ferroxcube). 


Np (min) 


Ein(high) X 10° 


140\/2 X 10® 


2 X 25K X 3.3K x 1.21 

= 101 Turns (min) (1) 

_ Po/V. sow/ 1 65V _ 

D.F. X Eff. 0.45 X 0.8 

For 15% current ramp in primary, ^ = 0,15 x 
0.84A = 0.1 4A 

U = Ei„(high)/(di/dt) = 135VV2/{0.14/15 /liS) 

= 20mH (2) 

/U X /20 X 10®\°® 


N 


, . , /U X 10®\"“ /20 X 10^“ 

= = 1 - 2 ^) 

= 84 turns (min) (3) 


From (1) and (3) use 120 turns. 

Current density in primary; design for 
3000A/sq. in. (max) (4) 

0.84/3000A/sq. in. = .00028 sq. in. (min) 
AWG#24 = .00032 sq. in. 

Aw = 2.5(Ap X Np) X 2 = 2.5(.00032 x 120) x 2 
= 0.17 sq. in. needed. 

EC-41 has Aw = 0.21 sq. in. available on bobbin. 
For the 5V winding: 

Np __ Ejn(low) — VcE(SAT) _ 90^2 - 1 

Ns' 2{E„ + Vf + Vrs) “ 2(5 + 0.7 + 0.1) 


= 10.9 (max); use 9:1 Turns Ratio. 
For the 15V Winding: 

90V^ - 1 


2(15 + 0.7 + 0 . 1 ) 


= 4.3:1 (max); use 4:1 


3.6 Parts List - 50W Forward Converter 



IC1 

- 

UC3524 

Cl 

- 600mF, 250VDC 




C2 

- 5000/xF, 10VDC 

Q1 

- 

PIC811 

C3 

- lOOO^F, 25VDC 

Q2-3 

- 

2N2222 

C4 

- 1000/xF, 25VDC 

Q4 

- 

UPT212 

C5 

- .001 /LtF, 1KV disc ceramic 




C7 

- 47/lF, 35V 

CR1-4 

- 

697-4 

C8 

- 500AtF, 50VDC 

CR5-8 

- 

673-1 

C9 

>■ 0.1 inF, 50V 

CR9 

_ 

UES1101 

CIO 

- .005AtF, 50V disc 

CR10 

- 

UES1101 

C11 

- 100/ttF, 50VDC 

CR11 

- 

UZ707 

C12 

- .01 /lF, 50VDC disc 

CR12 


UES2401 



CR13-14 

- 

UES1304 

R1 

- 27K, 2W 

CR15-16 

- 

UES1304 

R2 

- 2:2K, 2W 

CR17 

- 

UES1306 

R3 

- 27 

CR18 

- 

UES1101 

R4 

- 27 

CR19 

- 

UES1304 

R5 

- 47 

CR20 

- 

UES1101 

R6 

- 0.5 

CR21-23 

- 

UES1101 

R7 

~ 33 

CR24-26 

- 

1N914 

R8 

- 20K pot 




R9 

- 4.7K 

TI-4 

- 

See Magnetics Sheet 

RIO 

- 4.7K 

LI-3 

- 

See Magnetics Sheet 

R11 

- 4.7K 




R12 

- IK pot 

FI 

- 

2A AGC 

R13 

- 100K 




R14 

- 3.9K 




R15 

- 22K 




R16 

- 100 




R17 

- 330 
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3.7 Magnetic Components 
T1 - Power Transformer 
Core: EC-41-3C8 Core & Bobbin, Ferroxcube 

120T 120T 13T 30T 30T 

#24AWG #30AWG #20AWG #20AWG #20AWG 

(PRI) (RESET CORE) (5V SEC) (15V SEC) (-15VSEC) 

T2 - Base Drive Transformer 
Core: 376 B/U 250-3C8 (Ul Core), Ferroxcube 


60T 60T 15T 

#27 AWG #30 AWG #24 AWG 

(PRI) (RESET CORE) (SEC) 

73 - Current Transformer 
Core: 846T250-3C8, Ferroxcube 

6T 6T 24T 

#18 AWG #18 AWG #24 AWG 

(PRI) (SEC) (SEC) 

T4 - Isolation Transformer 
Stancor PPC-2, 115V/15V, 0.1A 


L1 -5V Output Inductor 
Core: 1F31-3C8, Ferroxcube 

40T 6 mil air gap in each of the 2 legs. 

#18 AWG LI = eOOAtH 

L2 & L3, 15V Output Inductor 
Core: 1F31-3C8, Ferroxcube L3 = L2 = 1.3mH 

74T 6 mil air gap in each of the legs. 

#18 AWG 

4. Off-Line Half-Bridge Converter 
Application 

This portion of the application note discusses 
the design for an off-line half-bridge PWM con- 
verter supplying 100 watts to multiple outputs. 
Features include soft start and current limiting, 
and the PWM control circuit uses the UC3524 
chip. 


Proportional base drive and a special base drive 
circuit are used to reduce transistor storage 
time. 

4.1 Circuit Description (see Fig, 4.3 

The half-bridge type circuit was chosen for the 
Too watt converter design, along with the 
PIC810 hybrid and fairly simple circuits. The 
half bridge circuit keeps the transistors’ collec- 
tor voltage, including inductive spikes, from 
exceeding the DC bus voltage, and the series 
capacitor C6 prevents core saturation. The base 
drive circuit is designed to minimize transistor 
storage time by essentially shorting the primary 
of the driver transformer T1 during transistor 
dead-time, providing a low impedance path for 
Ib 2 of the transistors. This is accomplished by 
turning on both Q21 and Q22 during the dead- 
band period. In addition proportional base drive 
is used. 

Soft start capacitor C26 is at zero volts when the 
power supply is turned on, and CR24 keeps pin 
9 at 0.7V more positive than the voltage on 
C26, which Is being charged slowly by R27. The 
maximum pulse width is set by potentiometer R26 
and CR23. 

4.2 Specs for Half-Bridge Converter 
Input -95V to 135V, 60Hz 
Outputs - 5V @ 15A, ±15V @ 1A 
Regulation - Line: 0.3% for specified AC Input 

Load (20% to 100%): 5V output, 
0.5%; ±15V, 2%. 

Ripple and Noise - 5V output, 80mV peak to 
peak. 

- ±15V output, 20m V peak 
to peak. 

Frequency - 30KHz 
Efficiency - 80% 
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4.4 Typical Waveforms for Half-Bridge Converter 


Primary Current — T1 


IB — Power Transistor Q1 


•B — Power Transistor Q2 


Primary Current — T2 


Current in 5V secondary — T2 o 
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4.5 Power Transformer Design for Half-Bridge 
Use EC35-3C8 core and bobbin (E-E configura- 
tion) 


Np(min) 


E,n(max) X 1Q« 

Bmax Ae 

135^/2 X 10° 

4 X 30K X 3.3K x 0.843 


= 57 turns (min). 


4.6 Inductor for 5V Output 
Selecting an inductor core can be done by first 
calculating the product (magnetic core area 
X window winding area) from the known require- 
ments, and then choosing an inductor with an AeA^ 
product that is equal or larger. 


Using MPP (Magnetics Inc) core material; 


( 100/k) (L Lax At)x10» 

Bmax 


. Po/Vin ^ 100/165 
DF X Eff. 0.5 X 0.8 


1.52A 


Where k Is usable winding area of core in %, and At 
Is cross sectional area of wire In sq. cm. 


For 25% current ramp in primary: 
Im = 0.25 X Ip, = 0.25 x 1.52 = 0.38A 


(100/75) (70^^ X 15 X 0.033) x 10» 
2000 


Lm 


E.n(max) ^ 135V2 ^ 

Im/ton (0.38/12/xS) 


/Lm X 10®\°^ 

/5.9 X 10V 

\ Al ; ~ 

l 1500 / 


Np(mln) = 

= 63 turns (min) 
For the 5V winding: 


-(max) 


Ein(min) - Vce(: 
Eo -f Vf 4- Vr 


2T„ 


90v^-1 ,,33-2 

5 -h 0.8 -h 0.4 ^ 33 


= 19.1 (max) 

63T/19.1 = 3.3T; use 4 turns 
For the 15V winding: 


-(max) 

19.1/7.3 

turns. 


90V2 - 1 
' 15 0.8 -h 0.4 ^ 

= 2.62, 2.62 X 4T 


33 


= 7.3 (max) 
= 10.48T; use 11 


For primary use 4 x 18 = 72 turns. 

Design for current density of 3000A/sq. in. 
(max). 

Ap(min) = ipn/max density = 1 .52/3000 = .00050 
sq. in; use #22 AWG = .00050 sq. in. 

AW = 2.5(Ap X Np) X 2 = 2.5(.00050 x 72) x 2 = 
0.17 sq. in. needed. EC35 bobbin has 0.16 sq. in. 
available. (The first factor of 2.5 is for efficiency of 
using winding area, the second 2 is for equal pri- 
mary and secondary winding area). 


= 2.09 cm"* needed 

Referring to the manufacturer’s data sheet, the 
55543-A2 core has an A^A^ = 0.67 x 3.1 = 2.1 cm^, 
which is sufficient. 

(At = 15A/3000A/sq. in. = .005 sq. in. 

= .033 sq. cm) 

Then N = 1000n/L/L,ooo = 1 000 v^TO^^RTSOSmH 
= 15Turns 

4.7 Magnetics: 

Driver Transformer T1 
Core: Ferroxcube 2213 P3B7 
(1-2) 75 turns, #26 wire 
(3-4) (4-5) 12 turns, BIfilar, #24 wire 
(6-7) 2 turns, #19 wire 

Power Transformer T2 

Core: Ferroxcube EC35-3C8 (E-E) 

(1-2) 72 turns, #22 wire 
(3-4) (4-5) 4 turns, BIfilar, #16 
(6-7) (7-8) 11 turns, BIfilar, #18 
(9-10) (10-11) 11 turns, Bifilar, #18 

Current Transformer T3 

Core: Magnetics, Inc. #52056-ID 

(1-2) 1 turn, primary winding through core. 

(3-4) 34 turns, #24 wire 

Filter Inductors 
LI 

Core: Magnetics, 55543-A2 
15 Turns, #12 AWG 
L2, L3 

Core: Ferroxcube 1F31-3C8 
74 turns, #18 AWG 
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4.8 Electrical Parts List 
Semiconductors 
A1 - UC3524 
Q1, Q2-PIC810 
Q21, Q22-UPT212 

CR1, CR2- 1N5551 
CR3,4,5,6- 1N4001 
CR7,8 - UES2401 
CR9 - SD241 
CR21-27--SES5001 
CR28 - 1 N4461 
CR29-32 -673-1 Bridge 

Resistors 

R1, R2- 10K, 2W 

R5 - 30, 5W 

R6, R7 - 6.80, 2W 

R21, R22, R24-5.1K 

R25- IK, 3 / 4 W, Trim Pot 

R28, R29 - 5100, V 2 W, 5%* 

R30, R31 - 1KO 

R32- IK 

R33 - 2000, 3 / 4 W, Trim Pot 

R34 - 20K 

R27- 100K 

R26 - 3.9K 

R23-20K Trimpot 

*Adjust for symmetrical base pulses. 


Capacitors 

Cl, C2-430/XF, 200V 
C3, C4 - 22/LtF, 6V 
C5, C6 - 2/iF, 400V 
C7- 0.001 /xF, 1KV 
C8 - SOOOjLiF, 10V 
C9, CIO - 1000/LtF, 25V 
C11, C12-0.1/LtF, 100V 
C23-0.1/XF, 25V 
C27-0.VF, 100V 
C25 - .005/LtF, 100V 
C26- 100/XF, 12V 
C21 - 500/LtF, 25V 

Magnetics 

LI, L2, L3- Filter Chokes 

T1 - Driver Transformer 

T2 - Power Transformer 

T3 - Current Transformer 

T4 - Stancor PPC-2, 115V/ 15V, 0.1 A 

Other 

FI Fuse - 2A-3AG 


All resistors V 2 W, 5% unless otherwise noted. 
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DESIGN GUIDE — POWER SCHOTTKY RECTIFIERS 
IN A SWITCHING REGULATOR 


1. Introduction 

Present technology is stimulating the development 
of more efficient power supplies. The switching 
regulated power supply is fast becoming the most 
popular type especially in industrial and military 
applications because it offers higher efficiency than 
a linear power supply. 

Schottky rectifiers are widely used in switched- 
mode converters due to their inherently lower for- 
ward voltage characteristics compared with PN 
junction devices. Losses in the power supply are 
reduced considerably by the use of Schottky rectifi- 
ers, resulting in increased efficiency, improved reli- 
ability, and reduced size, weight and cost of the 
switched-mode converter. 

In a +5V T^L logic power supply, the efficiency of a 
switched-mode converter is reduced 11 to 1 5% due 
to rectifier losses. The trend is for information pro- 
cessing circuits to be operated at even lower volt- 
ages, making the forward characteristic of a 
Schottky rectifier even more important. 

Since the Schottky rectifier is a majority carrier 
device, there is no reverse recovery characteristic 
caused by minority carrier storage when the devices 
switch from forward conduction to the blocking 
state. However, due to the large junction capa- 
citance, Schottky rectifiers will exhibit reverse re- 
covery time like a fast PN junction rectifier. 

This application note describes, in brief, the theory 
of Schottky rectifiers and compares Schottky recti- 
fier characteristics using different barrier metals 
and their effects on switching regulator efficiency. 

The discussion also covers the parasitic elements in 
the Schottky rectifier and considers the effects of 
these elements in switched-mode converters. 
Design rules are derived for optimum snubber net- 
works to protect against transient voltages and min- 
imize RFI. Guidelines are provided for selecting the 
proper Schottky rectifier for different types of 
switched-mode converters. 


2. Basic Structure 

The basic construction of a Schottky rectifier is 
shown in Figure 1 . The starting material is a heavily 
doped N+ silicon wafer on which an N-type epitaxial 
layer is deposited. The resistivity of this layer 
determines the reverse blocking voltage capability 
of the rectifier. The Schottky barrier is formed by 
depositing a metal layer on the N-type epitaxial 
layer, and the junction formed between the metal 
and the semiconductor is an abrupt junction. 

The most commonly used barrier metals or alloys 
are chromium, platinum, nickel platinum, molybde- 
num tungsten. A performance comparison of differ- 
ent barrier metals is summarized in Table 1. The 
chromium barrier provides low forward voltage with 
a very high leakage current. However, the tungsten 
barrier provides low leakage current with high for- 
ward voltage. Since efficiency is a major considera- 
tion In switched-mode converters, the nickel plati- 
num barrier provides the best choice due to its low 
forward drop with a minimum of leakage current. 

3 Theory And Discussion of Parasitic 
Elements in a Schottky Rectifier 

The energy bands of a metal and semiconductor 
separated by a vacuum are shown in Figure 2a. This 
system is not in equilibrium. However, if an electri- 
cal connection Is made between the semiconductor 
and metal, charge is allowed to flow from the semi- 
conductor to the metal. Equilibrium will be estab- 
lished and the Fermi levels will become aligned. 

When intimate contact is made between the metal 
and semiconductor. Figure 2b, the Fermi levels will 
line up and there will be an accumulation of positive 
charges at the surface of the semiconductor. A bar- 
rier will exist for electron flow from the metal to 
semiconductor and the barrier height will be the 
difference between the work function of the metal 
and the semiconductor. 
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Figure 1 - Cross-Section of a Schottky Barrier Power Rectifier 


Vacuum 


r 



N-Type Semiconductor 

• ^conduction band 
^Fermi 



Metal 


^valance band 



Figure 2a 


Figure 2b 


Figure 2 - Energy Band Diagram of Metal Semiconductor Contact 
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TABLE 1 — PERFORMANCE COMPARISON OF DIFFERENT BARRIERS 


SPECIFICATIONS 

POWER LOST IN EACH RECTIFIER 

METAL BARRIER 

Vp @ 20A 
(V) 125° C** 

Vp (® 100A 
(V) 125°C** 

LEAKAGE CURRENT 
(mA) 125° C** 

LOSSES DUE TO 
LEAKAGE (W)* 

Vp LOSSES @ 100A 
(W)* 

Chromium 

0.35 

0.78 

280 

1.80 

33.20 

Molybedeum 

0.45 

0.75 

65 

0.46 

34.07 

Platinum 

0.51 

0.80 

10 

0.071 

35.23 

Ni-Platinum 

0.433 

0.73 

30 

0.2145 

32.70 

Tungsten 

0.51 

0.82 

10 

0.071 

36.79 


* Power dissipation calculations are based on 125° C operating junction temperature and a high line input voltage for an 
off-line PWM converter. 

** Vp voltages are for 160 mil^ die. 


3. 1 Forward Biased Junction 
When the barrier or a junction is forward biased, the 
energy level of the conduction band in the semicon- 
ductor is raised, which allows electrons to flow into 
the metal as shown In Figure 3a. A small barrier does 
remain, but the electron energy distribution is suffi- 
cient to overcome this remaining barrier. Increased 
forward bias will overcome the barrier and current 
flow will be limited only by the series resistance of 
the device. Most of the forward drop at high current 
occurs in the high resistivity epitaxial layer which 
determines the reverse blocking voltage capability. 

Schottky rectifier forward drop can be expressed by 
the following equation: 


Vp 


+ KT \ ^ If • P • d 

q d \A X Rr ) A 


(3.1) 


+ Voltage drop In ohmic contact of package 


Where: Ip = 
A = 
KT 

q 

<t) = 

P = 
d = 
R = 
T = 


Forward current (A) 

Barrier area (cm^) 

0.026 at room temperature 

Barrier height - e^ 

Resistivity of epitaxial layer (Q-cm) 
Thickness of epitaxial layer (cm) 
Richardson constant 
Absolute temperature (° K) 


The term [Ip • p • (d/A)] In the above equation is 
the forward drop in the high resistivity epitaxial 
layer and it Is a significant portion of the forward 
drop at high current levels. 


Since holes cannot exist in the metal, none can be 
injected into it. As a result, conduction is entirely 
due to electrons. This eliminates the minority carrier 
related reverse recovery time. 

3.2 Reverse Biased Junction 
When the device is reverse biased, the conduction 
band in the semiconductor is lowered by the applied 
reverse biased voltage as shown in Figure 3b. For 
any conduction to occur, electrons must surmount 
the potential barrier created at the metal-semicon- 
ductor junction. Some electrons in the metal gain 
sufficient thermal energy from the lattice structure 
to overcome the barrier while others are able to 
tunnel through the barrier. This leakage current is 
temperature dependent. 


3.3 Junction Capacitance 
The barrier metal and uniformly doped N-type epi- 
taxial layer create an abrupt junction. This results in 
at least 5 times higher junction capacitance when 
compared with similar slightly graded ultra-fast PN 
junction devices. The depletion capacitance of a 
Schottky rectifier under reverse biased conditions 
can be expressed by the equation: 


C = A 


y (43 • 10-^)No 
Vr + 0.6 + (KT/q) 


(3.2) 


Where: Nq = 
KT _ 

q 

Vr = 


Carrier concentration of an epitaxial 
layer 

0.026 at room temperature 
Applied reverse biased voltage 


UNITRODE CORPORATION • 5 FORBES ROAD 
LEXINGTON, MA 02173 • TEL. (617) 861-6540 
TWX (710) 326-6509 • TELEX 95-1064 


15-101 


PRINTED IN U.S.A. 




APPLICATION NOTE 


U-85 


As can be seen from the equation, the junction ca- 
pacitance is inversely proportional to the square 
root of the applied reverse voltage and is practically 
independent of temperature at reverse voltages 
greater than 1V. When the device switches from 
forward biased condition to the reverse blocking 
state, current is required to charge the depletion 
capacitance. The time required to charge up capacitance 
is determined by the circuit impedance. This charging 
current has the same effect as the reverse recovery 
current of a Unitrode fast recovery “LIES” PN 
junction rectifier! 


In a switched-mode converter, the apparent reverse 
recovery time is determined by the leakage inductance 
of the transformer and the junction capaci- 
tance of the Schottky rectifier. Since capacitance 
does not vary with temperature, the apparent recovery 
time and current overshoot remain constant with 
temperature. Ringing resonance of leakage inductance 
and Schottky capacitance can cause voltage overshoot. 
In a high frequency switched-mode converter where 
the transformer is designed with very low leakage 
inductance, careful consideration must be given in 
selecting the Schottky rectifier because of dv/dt 
limitations. 


Direction of Electron 
Flow 


05 

o 

c 

LU 

C 

o 



— I 


N-Epi 


—• Fermi Level 
Applied Forward Bias 


Figure 3a - Rectifier — Forward Biased 



Figure 3b - Rectifier — Reverse Biased 


4 . Applications of a Schottky Rectifier in 
Switched-Mode Converters 

The simplified power output stage of a half-bridge 
switched-mode converter is shown in Figure 4a. 
When switching transistors Qi and Q 2 are in the “off” 
condition, diodes D 3 and D 4 conduct in the forward 
direction to provide a current path for inductor L^. 
Each diode carries half of the load current. When 
transistor turns on, current in diode D 3 starts to 
change from half the load current to full load cur- 
rent, while current in diode D 4 starts to change from 
half the load current into the “off” condition. Cur- 
renttransition time in the rectifier will depend on the 
current rise time of the transistor and the leakage 
inductance of power transformer T 2 . When current 
in rectifier D 3 increases to full load current, current 
in rectifier D 4 decreases to zero. 

Since a Schottky rectifier is a majority carrier 
device, it should turn off instantaneously. However, 
because of the larger junction capacitance of the 
Schottky rectifier compared with PN junction devi- 
ces, transistor supplies additional current to the 
secondary winding to charge up this larger junction 
capacitance. Note that the junction capaci- 
tance of the Schottky rectifier varies with reverse 
bias voltage as shown in Figure 5. Also the capaci- 
tance is five times that of equivalent PN junction 
devices. 

As current is increased, the voltage across the junc- 
tion capacitance of the rectifiers builds up toward 
the full reverse blocking state. The primary current 
will be higher than the output load current divided 
by the transformer turns ratio. During this period, 
energy is stored in the leakage inductance due to 
the excessive current on the primary side. As the 
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Nl 

N2 

Rpw 

^SW 


N, transformer turns ratio 

Senes resistance of primary windings 

Series resistance of one half 

secondary winding 

Leakage inductance of transformer 

Primary windings distributed capacitance 

One half secondary winding capacitance 

Output capacitance of switching 

transistor 

Junction capacitance of rectifier 


Figure 4a - Typical Half-Bridge PWM Switching Converter 


R 

^SW 2 



Figure 4b - Equivalent Circuit During Charging of a Junction 
Capacitance of a Schottky 


4L 


2X77 



4L( 


Figure 4c - Simplified Equivalent Circuit Referred Back to 
Secondary Side 



Reverse Bias Voltage — (V) 


Figure 5 - Comparison of Junction Capacitance ultra-fast 
PN-Junction vs. Comparable Schottky Rectifier 
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voltage across the rectifier reaches full switching 
voltage, energy stored in the leakage inductance 
continues to charge up the junction capacitance of 
the rectifier above the switching voltage reflected 
back in the secondary. These voltages can forcethe 
device into the breakdown region if the proper 
snubber circuit is not employed. 

4. 1 Snubber Network Design 
The equivalent circuit referred back to the primary 
side when the junction capacitance is charging up is 
shown in Figure4b. The junction capacitance of the 
Schottky and the leakage inductance of transformer 
Jz form a resonant circuit. The winding resistances, 
Rpw and Rsw, and saturation resistance, R^, provide 
very little damping to this LC tuned circuit. There- 
fore, its effect on damping can be neglected. The 
interwinding capacitance of the power transformer 
is much lower than the junction capacitance of the 
Schottky rectifier and may be neglected. The simpli- 
fied circuit referred back to the secondary side is 
shown in Figure 4c. 

Since Schottkys are prone to excessive heating and 
possible damage In the breakdown mode, a proper 
snubber Is required. The design of the snubber net- 
work minimizes voltage spikes and snubber losses. 
The snubber network also helps to reduce con- 
ducted and radiated RFI. 

The optimum snubber network should be designed 
on the basis of critical damping of the LC tuned 
circuit and limiting the maximum excursion of the 
voltage below the PIV ratings of the rectifier. 

Shown below is the LC tuned circuit with resistor 
Rsnb paralleled across the junction capacitance of 
the Schottky rectifier for a critically damped 
condition. 



The loaded Ql should be 0.5 for a critically damped 
case to prevent any ringing of the voltage and to 
provide minimum losses in the snubber resistor. LC 
tuned circuits will have only real roots. Loaded Ql 
can be described by the equation: 

Q, = 0.5 = (4.1) 


Where: Xl = io)L 



Where: C, = Junction capacitance of rectifier 

L f = Leakage inductance of power 
transformer 

A capacitor is required in series with the resistor in 
order to block the dc voltage present. The blocking 
capacitor should be at least ten times the rectifier 
junction capacitance: 

Csnb - 10(q) (4.3) 

To transfer the power effectively from the input 
power source to the output load, the time constant 
(Rsnb X Csnb) should at at most one-tenth the min- 
imum pulse width of the switched-mode converter. 
This occurs at maximum input voltage. Therefore: 

(4.4) 

Where: f is the operating frequency of the switching 
regulator. 

The power dissipation In the snubber resistor Rsnb 
can be calculated by the equation: 

For Half-Bridge: 


Figure 6 - Damping Resistor R^ni, Added Across the PRsnb = 

LC Tuned Circuit for Criticai Damping 


(4.5) 
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For Push-Pull for Full-Bridge: 




2(E., 


(4.6) 


Where: = Maximum input voltage 

n = Primary to secondary turns ratio of 
power transformer 


Every inch of wire represents 20 nanohenries of 
inductance. When the output current is high, the 
energy stored in the lead and package inductance in 
the secondary circuit can generate high voltage 
spikes across the rectifier during reverse recovery 
time. T o reduce these spikes, two snubber networks 
are required. One should be placed across each 
Schottky rectifier as shown in Figure 7 below. 



Figure 7 - High Current Outputs 

For low current outputs, the snubber network can 
be connected across the secondary winding as 
shown in Figure 8. 


time to “recover” because of its high junction capac- 
itance. In a switched-mode converter, reverse recov- 
ery time is, to a large extent, determined by the 
parasitic leakage inductance of the transformer 
which resonates with the junction capacitance of 
the Schottky rectifier. Design equations for reverse 
recovery time and current overshoot can be derived 
as shown below. 

Reverse Recovery Time: 

From basic equations of an LC tuned circuit: 


(a) 


r 


LC 


Substituting f = ^/T and rearranging: 
T = 2nJ\.C 

Since r/2 = t.^ by definition: 
trr = TryHc 


(4.7) 


'f 




Figure 8 - Low Current Outputs 

4.2 Reverse Recovery Time and Overshoot 
Current, Irm{rec) 

Reverse recovery time is defined as the time required 
to change a rectifier from the forward conduction 
state to the reverse blocking state. Although a 
Schottky rectifier is a majority carrier device, it takes 


Figure 9 - Reverse Recovery Time of a Rectifier 


Assuming the rise time of the transistor is much 
faster than t^^ of the rectifier, and substituting 1^= 
leakage inductance of thetransformer and C, = junc- 
tion capacitance of the Schottky rectifier. Neglect- 
ing the Interwinding capacitanceof thetransformer, 
the reverse recovery time (when no snubber net- 
work Is employed across the rectifier) can be calcu- 
lated by the equation: 

due to junction capacitance: 

trr = ^ yL,(q) ■■ (4.8) 


UNITRODE CORPORATION • 5 FORBES ROAD 
LEXINGTON, MA 02173 • TEL. (617) 861-6540 
TWX (710) 326-6509 • TELEX 95-1064 


15-105 


PRINTED IN U.S.A. 


APPLICATION NOTE 


U-85 


Where: n = Primary to secondary turns ratio 

The ringing frequency can be calculated by the 
equation: 


From the characteristic impedance of the LC tuned 
circuit, overshoot current. Irm, in the Schottky recti- 
fier can be calculated by: 


2 L, 


4.3 Practical Example 

A detailed diagram of a 150W, multiple output 
switching regulated power supply is shown in Fig- 
ure 10. The power supply is designed to operate 
with a line input voltage of 11 7V ac, 60 Hz or 220V ac, 
50 Hz. The regulated output voltages are +5V @ 1 A, 
+12V @ 1.2A, -12V @ 1 A and -5V @ 1 A. The output 
voltage is regulated by power switching hybrid cir- 
cuits Qi and Q2 which are housed in four pin electri- 
cally isolated packages. 

Since the case is electrically isolated from the active 
devices, it provides the following advantages: 

a) lower conducted and radiated RFI 

b) ease in mounting — two devices can be 
mounted on the same heat sink. 

The selected switching transistor provides fast 
switching time (<100ns) and the diode in the hybrid 
circuit provides low reverse recovery (<50ns) and 
forward recovery time. The proportional base drive 
current to the switching transistor is supplied by the 
current transformer T^. 

One of the output voltages (+5V) is regulated with a 
pulse width modulated (PWM) control chip 
Unitrode’s UC3524. The auxiliary voltage to power 
the control circuit should be electrically Isolated 
from the line voltage. Conventionally, the 60 Hz 
transformer is utilized to provide isolation and the 
transformer output voltage Is rectified and regu- 
lated to supply bias voltage to the control circuit. 
Transistors, Q3 and Q4, provide a low cost approach 
in developing bias voltage for the control circuit 
without the use of a 60 Hz transformer. The opera- 
tion of the circuit is described in detail below. 

When the 1 1 7V ac input line voltage Is applied to the 
switched-mode converter, capacitors and C2 


charge up to full input voltage. Meanwhile capacitor 
Ct charges up slowly through resistor Rj. When the 
voltage across Cj reaches the anode-gate voltage of 
the programmable unijunction transistor Q4, it will 
turn on and dump the stored charge from capacitor 
Cj into one of the proportional base drive windings 
of the transformer Ti. The polarity of the windings is 
such that it will turn on only transistor Qg, transfer- 
ring energy from input capacitor C2 into the output 
capacitor C3 (isolated from the Input line) through 
power transformer T2. The control circuit LM3524 
starts to switch transistor Q2. At the instant when 
transistor Q2 turns on, capacitor Cj will be isolated 
from current transformer T^ with the help of transis- 
tor Q3. The programmable unijunction transistor Q4 
now remains off. The capacitor C3 is now continu- 
ously charging up through the secondary winding 
of the transformer. 

The output circuit of the switched-mode converter 
utilizes coupled inductor to provide better track- 
ing among all the output voltages, improve transient 
response and reduce the minimum loading require- 
ment. Coupled inductor L2 (which is not in the con- 
trol loop) maintains the sawtooth current in the +5V 
winding of (which is in the control loop) providing 
stability in the control circuit. 

Calculations of Snubber Network: 
lnthe150W switching regulator shown in Figure 10, 
first calculate the current overshoot Irm(rec). *'i'^9“ 

ing frequency and the apparent reverse recovery 
time without the snubber network. Then determine 
the resistor and capacitor values (for critically 
damped case) of the network across the Schottky 
rectifier. 


Given: L^ Leakage inductance of power trans- 
former = 22fjH 

C|, Junction capacitance of Schottky = 850pF 
f. Operating frequency = 30 KHz 
n. Primary to secondary turns ratio = 14 

Ratio of maximum input voltage 
to minimum input voltage = 400/200 = 2 
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Figure 10- 150 Watt Multiple Output “OFF Line” Switched-Mode Converter 
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Solution: 

Current overshoot, Irm(rec). Equation 4.10: 



320V / 850 X 
2 V 22 X 10 ® 


The power dissipation in snubber resistor, Rgnb. from 
Equation 4.5: 




VaCsnb 



f 


= y2(o.oi X 10®) 


400 

14 


2 

• 30 X 10® 


= 1A 


= 0.121W 


The ringing frequency from equation 4.9: 


The snubber resistor Rg^b should have at least 
0.5W rating. 


47r/L7(Cy 

U 

4n{j2riricFu^oirw^ 


The criteria for the snubber network should satisfy 
the conditions below: 


^snb(^snb) — 20f 


Ein 


mm 


max J 


~ 8.1 MHz J 1 

10n(0.01 xio )< 20(30x10^) ■ 2 

The apparent reverse recovery time from equation 

4.8: O.lyws < 0.993/iS 


= jf 7(850 X 10 '^) (22 X 1^) 

= 67ns 

The value of the snubber resistor from Equation 4.2: 



_ J_ [22 xio® 

14 V850 X 10'® 

= 10.90 

The value of the snubber capacitor from Equation 
4.3: 

Csnb = 10(q) 

= 10(850x 10-'®) 

= O.OI/iF 


The voltage across the Schottky rectifier with and 
without the snubber network in a 150W off-line 
switched-mode converter is shown in Figures 11a 
and 1 1 b. Note that the voltage across the Schottky 
rectifier with a snubber network has no voltage 
overshoot. Thus, it prevents failure of the Schottky 
due to large voltage transients during transistor 
turn-on. The ringing frequency is about 10 MHz 
without the snubber and is close to calculated 
values. 



time (ns) 

Figure 11a - Voltage Across Rectifier Without Snubber Network 
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Figure 11b - Voltage Across Rectifier With Snubber Network 
10Q - 0.1/^F 


4.4 Thermal Stability Considerations 
The reverse leakage current of a Schottky rectifier is 
much higher than PN junction devices because of 
the Schottky’s lower barrier height. The magnitude 
of this leakage current doubles approximately every 
ten degrees Centigrade. Since it is temperature sen- 
sitive, the thermal stability of the system should be 
checked over to avoid thermal runaway. In a PWM 
switched-mode converter (i.e. push-pull, half- 
bridge, etc.) the rectifier can be operated at 50% 
duty cycle in the reverse blocking state while the 
remaining 50% of the time it will operate in the for- 
ward conduction mode under worst case condi- 
tions. However, forward drop is also a temperature 
sensitive parameter and this should also be consid- 
ered when thermal stability calculations are made. 

The criteria for thermal stability is defined as: “the 
rate of change in power pumped into a device with 
respect to temperature (dP,n/dt) should be less than 
the rate of change In power removed (in the applic- 
able thermal environment) in the form of heat from 
the device with respect to temperature (dPout/dt)”. 

In a switched-mode converter, the power dissipated 
in the device and the power removed can be 
expressed by: 


7 = 1/f, where f is the operating 

frequency 

Ip = Forward current 

Vp = Forward voltage at forward current 
(at temperature) 

Tj = Junction temperature 


Since both II and Vp are temperature sensitive 
parameters, we can express II and Vp as functions of 
temperature In the above equation for thermal sta- 
bility and obtain: 


{T-%n) 


(Tj - Ta) 


|lr • 7 • [Vf„ + X(T,-T,)]j 


T, - T. 


[4.12] 


Where: = Leakage current at room tempera- 

ture 

Vpp = Forward voltage drop at room tempera- 
ture 

X = Temperature coefficient for forward 
voltage at operating current 

y = Temperature difference for which 
leakage current doubles. 

Differentiating the above equation: 


(7- -ton) 


(Tj - Ta) 


Vr • lo • 2~ 


In2 ^ Ip 


Jon ^ 

‘ r • ^ - Re. 


[4.13] 


(Tj - Ta) 

Defining lo • 2 ^ as the critical current, lR,cnt) 

at maximum temperature, and solving for lR(cn,) we 
obtain: 


k(r - ton) 
Vr • ^ 


Vf 


L-Ta 


(4.11) 


iR(cnt) ^ y 


(T'/Roj-a)- Ip * fpn ‘ X 
.693(7-ton)VR 


[4.14] 


Where: Vr = Applied reverse voltage 

II = Leakage current at temperature 
ton = Rectifier on-time 


Design Example 

In the practical example previously discussed, the 
maximum reverse voltage across the rectifiers is 
30V. Each rectifier is mounted on a heat sink. The 
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thermal resistance of the heat sink is 1°C/W. The 
Schottky rectifier, SD241, has a maximum thermal 
resistance of 1.4° C/W from case to junction. Its 
reverse leakage current doubles every ten degrees 
Centigrade, vy/hile the forward voltage at lp=20A 
decreased by 1 mV/° C as the junction temperature 
increases. The designer desires to limit the maxi- 
mum operating junction temperature of the 
Schottky rectifier to 125° C under worst case 
conditions 

Calculate the maximum reverse leakage current 
allowed for these rectifiers at 125°C to prevent 
thermal instability 
Calculation: 

RejA = (Roh + Rej-c) °C/W 
= 1°C/W + 1.4° C/W 
= 2.4° C/W 
ton = 16.6//S 
toff = 16.6/ys 
T = ton + toff = 33.2/yS 

Using equation 4.14: 

^R(crit) — 10°C X 

(33.2 X 10'^)/(2.4°C/W) — (20A) (16.6 x 10'^) (-1 x 10~^V) 
.693(33.2 X 10'® sec — 16.6 x 10'®) (30V) 

< 410mA 

From the SD241 specification, the maximum re- 
verse leakage current at 125° C is 100mA; therefore 
this system will be thermally stable. 

4.5 Paralleling Rectifiers 
When the output current required is greater than the 
maximum rated forward current of commercial rec- 
tifiers, it becomes necessary to parallel the devices. 
In some Instances, it may be preferable to parallel 
devices even when a single device of higher current 
ratings is available. The advantages of paralleling 
these devices are: 

1 ) Heat Is easier to remove when compared to a 
single device with a higher current rating 
because the heat is spread between two or 
more devices. 

2) The transformer is easier to wind since the 
wire size is smaller, using a separate winding 
for each rectifier. 
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3) Smaller chip size will have less chance of 
voids in the chip bond to the package, thus, 
the reliability of the system is improved. 
The disadvantage of paralleling rectifiers is that 
some kind of circuit technique is required to share 
the current among the paralleled devices. If the cur- 
rent is not shared equally, the junction temperature 
ofthe device which conducts the higher current will 
increase. The forward voltage of the device will 
decrease due to its increased temperature and will 
conduct an even larger share of the load current. If 
adequate matching Is not provided, this regenera- 
tive process continues: and if not checked in time, 
the junction temperature will exceed the maximum 
rating and the device will be damaged. 

In switched-mode converter applications, current 
sharing can be accomplished by using separate 
windings for each rectifier and by matching forward 
drops. The series resistance of each winding acts as 
a current ballasting impedance. 

5. Guidelines for Selecting the Schottky 
Rectifier in Pulse Width Mode (PWM) 
Switched-Mode Converter 
Applications 

The minimum required dc blocking voltage of the 
Schottky rectifier and its maximum power dissipa- 
tion can be calculated for different types of switched- 
mode power supplies summarized in Tables M and 
III. After calculating the maximum power dissipa- 
tion, the designer can determine the required ther- 
mal resistance of the rectifier and the heat sink 
using the equation: 

R . R - Imi. " "^Amax n 

^ rT0JC “ p ' J 

f max 

Where: Rejc = Thermal resistance of rectifier 
Rqh = Thermal resistance of heat sink 

Tjmax = Maximum operating junction tem- 
perature of device 

TAmax = Maximum ambient temperature 

When calculations are made for maximum power 
dissipation in a rectifier, the voltage drop Vp and 
leakage current Ir should be taken at the maximum 
operating junction temperature. 

During start up and for step changes In the output 
load current, the voltage across the rectifier should 
be limited to below its maximum dc blocking voltage 
to avoid failures due to transient voltage across the 
Schottky. 
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TABLE 1 — GUIDELINES FOR DETERMINING THE RATING OF A RECTIFIER IN A PWM SWITCHED-MODE 
CONVERTER 


•o 

3 


o 

z 

c 


> 


TYPES OF SWITCHING REGULATORS 


BUCK REGULATOR 


OUTPUT VOLTAGE 


STEADY STATE - POWER DISSIPATION 
IN RECTIFIERS 


MINIMUM DC BLOCKING 
VOLTAGE REQUIRED 



PUSH-PULL CONVERTER (50% Duty Cycle) 


““ ^in 


Power dissipation in Diode Di due to forward 
conduction; 


POfp = 'om 


I Vp 


Power dissipation due to leakage current, 
PdIr^ 'R Eq. lR@Ein 


For Diode D,|. 
1.2 X Ein 



PWM FORWARD CONVERTER 


E 


E 


0 


0 


Power dissipation in Rectifier D-j or D2 due to 
forward conduction: 


Eo " Vp 

E. 

Em ^ 


PD1pO''PD2p 


*°max 

2 


Vf 


Power dissipation due to leakage current, Ip: 


For D-) or D2: 


2-4 (Ein 


Nl 


PD1pO'’PD2R = 2.0 


^'•^max 


Ni 


'r 


Power dissipation due to forward conduction 
in Rectifier D.j; 



Eo =Eo.Vp.| 


Eo " Ejr,„. 


N3 


■o ■ ^'"min Ni + Ng 


Where' 

Eq = dc Output Voltage 
Eq = Output of Secon- 
dary Winding When 
D-) IS conducting 


t Vp 


Nl 

Ni +N2 


Power dissipation in Rectifier Dg: 


PD2 f 


cVp 


Nl 

' N-i + Ng ‘ 


Power dissipation due to reverse leakage 
current; 


Pdir 


,• 'r • 


N3 

Ni+Ng 


Pd 2 r 


Ir X 


N3 

Ni+Ng 


^ Ejn 


min 


For D.|; 


N 


For Dg; 
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TABLE II 


TJ 

5 


D 


TYPES OF SWITCHING 
REGULATORS 


PWM PUSH-PULL CONVERTER 



PWM HALF-BRIDGE CONVERTER 





MINIMUM DC 

OUTPUT VOLTAGE 

STEADY STATE — POWER DISSIPATION IN 

BLOCKING 

RECTIFIERS 

VOLTAGE 

REQUIRED 



Power dissipation in Rectifier D-|or D2due to forward conduction 


Eo - Eo ^ Vp . 

Ofnax X R ^ 

U x(Vp@ln ) E,n 

PDipOfPoap = — 2 — " E;;r“ 

For D-j or D 2 . 

No 


2 4(Eo + Vp * R 

1 (vc @ °max ) p . p 

, - Omax ''E 2 . ^'f^max ^'"mm 

2 Emax 

Ein 

X U ) x ^ 

For Push-Pull and Full 



Bridge 

Power dissipation due to leakage current 



PDlROfPD2R = 'R(E,n^,n’ 



Ein 

NOTE Ir@2(Eo - Vp ^ lo^^^ x Rf) x 


Eo-E,.Vpxl,^^^xR^ 

SAME AS ABOVE 

SAME AS ABOVE 

P _ ^'^mm ^2 

•"o - 2 ^ N, 




For Half-Bridge 
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6 Conclusion 

Complete design guidelines for Schottky rectifiers 
used in switched-mode converters have been pro- 
vided. The Schottky, when compared to a fast PN 
junction rectifier, offers the advantages of lower 
forward voltage and a faster reverse recovery time 
which is independent of temperature. Efficiency is 
improved at least 3 to 5% when Schottky rectifiers 
are used in place of PN junction devices for power 
rectification In switched-mode converters. Schottky 
rectifiers are available with a maximum reverse 
blocking voltage up to only 50 to 60V. Thus, applica- 
tions of Schottky devices are limited to low output 
voltages (+5V) in PWM switched-mode converters 
(except for buck type and 50% duty cycle convert- 
ers). When the rectifier requires voltage blocking 
capability of greater than 60V, fast PN junction de- 
vices like UES800 series rectifier offers the optimum 
choice without sacrificing speed and forward voltage. 
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SCHOTTKY RECTIFIERS 


AVERAGE DC 

OUTPUT CURRENT 

6A 

8A 

12A^ 

12A 

16A^ 

16A 

25A 

30A 

50A 

60A^ 

60A 

75A 

PACKAGE 

TO-220 

TO-220 

TO-220 

TO-220 

TO-220 

TO-220 







PEAK^V^ 


PLASTIC 

PLASTIC 

PLASTIC 

PLASTIC 

PLASTIC 

PLASTIC 





DO-5 

DO-5 

REVERSE 








DO-4 

DO-4 

DO-5 

TO-3 

DO-5F 

DO-5F 

VOLTAGE 


(2-LEAD) 

{2-LEAD) 

(3-LEAD) 

(2-LEAD) 

(3-LEAD) 

(2-LEAD) 

STUD 

STUD 

STUD 


STUD 

STUD 


TYPE 

USD620 

USD720 

USD620C 

USD820 

USD720C 

USD920 


USD420 


USD320 


USD520 

20V 

Vp 

55@6A 

55 @ 8A 

65 @ 12A 

45 (O' 12A 

65 @ 16A 

50(0 16A 


55 (5) 30A 


6 @ 20A 


6 (a 60A 


•fsm 

150 A 

200A 

150 A 

200A 

200A 

250A 


600A 


400A 

im 

1000A 









IN 6095 


1N6097 




30V 








86 (O' 78A 


86(0) 157 A 












400A 


800A 






USD635 

USD735 

USD635C 

USD835 

USD735C 

USD935 


USD435 


USD335C 


USD535 

35V 


55@6A 

55@8A 

65@ 12A 

45 (o) 12A 

65 @ 16A 

50 (o 1 6A 


55 (5) 30A 


6 (a) 20A 


6 (CO 60A 



150A 

200A 

150 A 

200A 

200A 

250A 


600A 


400A 


1000A 


TYPE 

USD640 

USD740 

USD640C 

USD840 

USD740C 

USD940 

1 N6096 


1 N6098 




40V 

Vp 

55@6A 

55 @ 8A 

65 @ 12A 

45 Co' 12A 

65 @ 16A 

50 ro' 1 6A 

86 fo' 78A 


86 Co-' 1 57 A 





IPSM 

150A 

200A 

150 A 

200A 

200A 

250A 

400A 


800A 





TYPE 

USD645 

USD745 

USD645C 

USD845 

USD745C 

USD945 


USD445 


USD345C 


USD545 










SD4i2 


SD241 

SDSI^ 


45V 

Vp 

55 @ 6A 

55 @ 8A 

65 @ 12A 

45 (w 1 2 A 

65 @ 16A 

50(0 16A 


55 fo' 30A 


6 (CO 20A 

6 (& 60A 

6 Co) 60A 


'PSM 

150 A 

200A 

150A 

200A 

200A 

250A 

j 

600A 


400A 

800A 

1000A 


1 CENTER-TAP 6A PER LEG 

2 CENTER-TAP, 8A PER LEG 

3 CENTER-TAP, 30A PER LEG 

4 Vp AT 25‘'C IS 45V, Vp AT 150°C IS 35V 
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500W, 200kHz OFF-LINE POWER SUPPLY 
USING POWER MOSFETS 


Introduction 

The power supply design discussed in this applica- 
tion note uses a fairly common, straight-forward 
circuit. It is the judicious selection of the compo- 
nents used, and careful layout of the circuit, which 
gives it its performance. As the operating frequency 
of switching power supplies continues to increase 
above 1 0OkHz, attention to high frequency consid- 
erations is a necessity. A knowledge of component 
and circuit parasitics is essential as well as an 
understanding of RLC circuits and transient 
response, particularly LC resonant tank circuits. 
Because of the resonance of parasitic circuit and 
component inductance and capacitance at these 
high frequencies, the use of damping and snubbing 
techniques becomes increasingly important. 

In the off-line converters some of these high fre- 
quency problem areas are aggravated by the large 
turns ratio of the step-down transformer, particu- 
larly for low voltage (5V) outputs. The use of 
Schottky rectifiers with their 5 to 10 times larger 
junction capacitance than PN junction rectifiers 
can cause additional difficulty with the design. At 
200kHz these problems are manageable by careful 
component selection and circuit layout. 

Specifications 

Input - 11 5V or 220V ± 1 5%, 50Hz or 60Hz 
Output - 5 V (5) 100A 
Regulation - Line: 0.4% 

Load: 0.5% (10% to 100% load) 
Ripple: lOOmV peak to peak 
Frequency - 200kHz 
Efficiency - 75% minimum 

Circuit Description 

The schematic and parts list of a 500W switching 
power supply are shown in Figure 9. The description 
of the circuit is as follows. The input rectifier bridge 
is arranged for connection either to the 1 1 7 or the 
220V AC line. The circuit uses a pair of Unitrode 
LIFN441 power MOSFETs in a half-bridge configu- 
ration. The MOSFET gates are driven directly from a 
UC3525A control chip output through step down 
and isolation transformer Ti. The UC3525A output 
terminals (pins 11 and 14) provide active pull-up 
and pull-down (dual source/sink) for the primary of 


Ti. This provides the fast, high current turn-on and 
turn-off pulses needed for the MOSFET gates. In 
addition, the two ends of the primary winding are 
shorted to ground during deadtime, which prevents 
accidental turn-on of an output transistor by tran- 
sients. Note that the current supplied by the 
UC3525A output drops to a small value when the 
gate capacitance has been charged or discharged 
to the desired gate voltage. Damping resistors R 3 
and R4, with series blocking capacitors C16 and C17, 
minimize ringing of the MOSFET gate capacitance 
with the inductance of Ti and lead inductance: par- 
ticularly during deadtime. In this design, where the 
gates are driven directly from the control chip via 
the gate drive transformer at 200kHz, it is necessary 
to use a small heat sink for the control chip. A 
Thermalloy #6007 is sufficient. 

The output transformer uses a small E-E core, Fer- 
roxcube E052-308, operated at 1 000 Gauss peak 
to reduce core loss at 200kHz. The primary is 
wound in 2 layers, 7 turns per layer, 2 #16 AWG 
wires in parallel. The secondaries are wound 
between the 2 primary layers to reduce leakage 
inductance, and are made of copper strap 1 0 mils 
thick by 0.8 inches wide, one turn on each side of 
the centertap. 

Ringing of the primary winding, at a frequency of 
approximately 4MHz due to leakage inductance 
resonating with the output capacitance of the 
MOSFETS, is controlled by damping resistor Ris 
and blocking capacitor C4. 

Reverse voltage across Schottky rectifiers CRi to 
CR4, due to ringing (at approximately 20MHz) of the 
LC circuit comprised of the Schottky rectifier cap- 
acitance with the leakage inductance of the trans- 
former (transformed to the secondary by the square 
of the turns ratio), is controlled by damping resistors 
R7 to Rio with blocking capacitors C10 to C13. 

The output filter capacitor C5 is comprised of three 
5^^F, 100V polypropylene capacitors in parallel. 
These are TRW type 35, with an ESR of 12 milli- 
ohms each. The inductor is made with a Ferroxcube 
IF30-3C8 core, wound with 4 turns of 5 #12 AWG 
wires in parallel. 

Current limiting is done with current transformer T 3 
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in the return lead of the transformer primary. The 
signal is rectified, threshold sensed and adjusted, 
and is fed to the shutdown terminal pin 10 of the 
UC3525A control chip. 

Performance 

A curve of efficiency versus power output is shown 
in Figure 8. Note that the efficiency decreases for 
increasing power output. This is primarily due to 
resistive losses, other than the Schottky rectifier 
losses, such as the Rds (on) losses of the MOSFETs 
and the copper losses of the output transformer and 
filter inductor. The switching losses of the 
MOSFETs are low; the measured current rise and 
fall times were 1 0ns and 20ns, respectively. 

When compared to a 25kHz switcher, the transient 
response of this circuit can be improved by a factor 
over 8 times since the LC output filter resonant 
frequency can be increased by this amount. There 
is an additional improvement factor, since poly- 
propylene capacitors rather than electrolytic are 
used for 200kHz operation. The value of capacit- 
ance can be reduced considerably, because of the 
improved ESR. However, in order to realize the 
improved frequency response, careful attention to 
control circuit layout and shielding is important to 
minimize parasitic capacitance and inductance. 
The use of a ground plane is a necessity. 

A dramatic reduction of the size of several major 
components is evident when comparing this 
200kHz, 500W switcher to a 25kHz switcher. The 
power transformer, output filter inductor, and output 
filter capacitor are about half the volume, and the 
drive circuits for the MOSFETs are considerably 
smaller than the drive circuits for bipolars at 25kHz. 
The auxilliary power supply is half the size. The 
parts count is less, primarily due to the reduced 
parts count of the drive circuits. 

Design Considerations 

The choice of operating frequency and the decision 
to use MOSFETs or bipolars depends upon a 
number of factors, including the required power 
output level, size, weight, cost, etc., and a rapidly 
changing technology which includes circuit topol- 
ogy, new components, control chips and high fre- 
quency techniques. 

There are some major advantages that are obtaina- 
ble by using MOSFETs in place of bipolars, other 
than those associated with higher operating fre- 
quency. One of these is in the area of potential gate 
drive circuits. In the power supply described in this 
application note, the power MOSFET gates are 
driven directly by the control chip through a small 


step down isolation transformer. 

The feedback loop compensation is comprised of 
an RC network at the error amplifier of the 
UC3525A. The resonant frequency of the LC output 
filter is approximately 40kHz. Closing the loop at Ode 
at 1 0OkHz, this network adds two zeros (phase lead) 
at approximately one half the LC resonant fre- 
quency, and gives a 40° phase margin up to 
100kHz. 

Do’s and Don’ts of High Frequency 
Switchers 

For the control chip circuit, the use of a ground 
plane construction is recommended. A double 
sided PC board, with one side used for the ground 
plane, is preferable. If a single sided board is used, 
use as much copper area as possible for the ground 
plane. Keep traces fairly wide to reduce inductance. 
The judicious use of a few wire jumps to reduce 
trace length is helpful. 

Power MOSFET gate drive circuits do not have to 
supply a continuous large current drive. MOSFET 
gates do require fairly large, fast current pulses to 
change the gate voltage rapidly because of the 
composite gate capacitance, including the Miller 
effect capacitance. This means that the gate drive 
circuit and transformer should be designed to min- 
imize lead inductance by reducing loop areas to a 
minimum. Remember that each inch of wire adds 
about 20 nanohenries of inductance. Using fairly 
large diameter wires twisted together helps, as well 
as designing the layout to reduce lead lengths to a 
minimum. 

The use of copper strapping in place of round wire is 
also helpful in reducing inductance. Use two closely 
spaced parallel strips if possible. Circuit by-passing 
with small high frequency capacitors is important, 
especially around the control chip circuit area. By- 
passing the fairly large electrolytic input energy 
storage capacitors is helpful, if the by-pass capaci- 
tors are located physically at the junction of the 
MOSFETs and the primary of the output trans- 
former, as shown on the schematic. 
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WAVEFORMS AT lo = 100A 


5V/D1V 


10V/DIV 



100V/DIV 


2A/DIV 



500ns/DIV 

UPPER — Vgs of Qz 

LOWER - VouT OF PIN 14, UC3525A 

FIGURE 1. GATE DRIVE 


500ns/DIV 

UPPER - Vds of Qz 
LOWER - Id OF Qz 

FIGURE 2. MOSFET SWITCHING 


100V/DIV 
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2A/DIV 
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UPPER — Vds OF Qz 
LOWER - Id OF Qz 
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FIGURE 3. RISE TIME 


FIGURE 4. FALL TIME 
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100V/ DIV 


5A/DIV 



5V/DIV 


lOOmV/DIV 



500ns/DIV 

UPPER - Vprimary 
LOWER — I PRIMARY 

FIGURE 5. TRANSFORMER PRIMARY WAVEFORMS 


IjUS/DIV 

UPPER - XFMR SEC VOLTAGE 
LOWER - OUTPUT RIPPLE 

FIGURE 6. TRANSFORMER SECONDARY VOLTAGE, 

AND OUTPUT RIPPLE 


500mV/DIV 

200mV/DIV 


25A/DIV 



UPPER — 5V OUTPUT 50a«/DIV 

MIDDLE - ERROR AMPLIFIER OUTPUT 
LOWER - LOAD CURRENT 



FIGURE 8. EFFICIENCY VS POWER OUTPUT 


FIGURE 7. TRANSIENT RESPONSE, 

25A LOAD CHANGE (LARGE SIGNAL CHANGE) 
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Parts List 




Ui 

UC3525A 

Ri2 

3.3K 



Ri3, Ri4 

220Q 

Qi, Q2 

UFN441 

Ri5 

10K 

CR1-CR4 

USD545 

Ri6 

10K 

CRs-CRa 

680-4 (Unitrode) 

Ri7 

51 Q 

CR9-CR12 

673-1 (Unitrode) 

Ri8 

50Q, 4W 

CRi3) CRi4 

UES1003 

Ri9 

10Q 

CRi5 

TVS310 

R 2 O 

27K 

Ci, C2 

600AiF, 250V 

R 2 I 

24K 

C3 

^|JiF, 400V 

R22 

33K 

C4 

500pF, 1 kV 



C5 

Sxbidf, 100V (polypropy.) 



Ce 

SOOjLiF, 50V 

Ti 

Core, Ferrox 486T250-3C8 

C7 

lOOOpF, 50V 


Pri, 14T #22AWG 

Ce 

IjuF, 50V 


Sec (2) 7T #22AWG 

C9 

50pF, 50V 



C10-C13 

0.02iUF, 50V 

T 2 

Core, Ferrox EC52-3C8 

Cl 4 , Cl 5 

1//F, 200V 


Pri, 14T, 2 layers, 2 #16 AWG 

C16, Cl 7 

.002, idf, 50V 


in parallel. 

Cl 8 

0.2, juF, 50V 


Sec, (2), each 2T, C.T., copper 

Cl 9 

0.1, juF, 50V 


strap 0.01 " X 0.8” see text. 

C20 

300pF, 50V 



C 2 I 

220pF, 50V 

T 3 

Core, Ferrox 486T250-3C8 




Pri, IT 

Ri, R2 

33K, 2W 


Sec, 20 turns CT #22AWG 

R3, R4 

47Q 



Rs 

1 0Q, y2W 

T4 

220/1 17V, 25V, 0.1 5A 

Re 

4.7Q 



R7-R10 

3.9Q, 1 /2W 

Li 

Core, Ferrox IF30-3C8, 4 turns. 

R11 

10K 


5 #12AWG in parallel. 
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DESIGN CONSIDERATIONS FOR 
POWER MOSFET GATE DRIVE CIRCUITRY 


1. Introduction 

The power MOSFET promises exciting performance advantages over the more con- 
ventional bipolar transistor. However, much attention must be given to gate drive 
techniques to take full advantage of MOSFET characteristics. This application note 
develops simple, high performance gate drive circuits. 

This application note also provides design engineers with a basic understanding of the 
relationship between parasitic elements and switching times. In addition, a circuit is 
developed which controls the switching time of the power MOSFET to reduce rectifier 
reverse recovery spikes; thus, reducing RFI and switching loss. 

2. Features 

The power MOSFET is becoming more and more popular in many applications due to 
its inherent features, such as: 

2. a. Extremely Fast Switching Characteristics. 

A power MOSFET is capable of switching rapidly because it is a majority carrier 
device. The speed at which it can switch depends upon the rate at which gate charge 
is supplied or removed by the gate driving source. In a practical application the 
MOSFET can be made to switch in less than 10 nanoseconds. This feature allows 
operation at higher frequencies than with bipolar devices, resulting in improved 
electrical performance (transient response), reduced size and cost of the magnetic 
components, and decreased weight of the overall system. 

Other advantages derived from fast switching times are: 

• The losses in the snubber circuit, if employed, are minimized. 

• Switching times are independent of load and temperature variation. The 
variation in the frequency spectrum of conducted RFI is minimized. 

• The cross-conduction problem in a switched -mode converter (half bridge, 
full bridge, push-pull) is reduced because power MOSFETs have no storage 
time. 

• The problem of core saturation due to assymmetrical volt-seconds in circuits 
using a transformer is minimized because the major cause of this effect, dif- 
ferences in storage time is negligible for MOSFETs. 

• If a voltage feed-forward control is being used, the nonlinearity introduced 
by the storage time of the switching device is eliminated, thus reducing the 
gain requirement of the error amplifier. 
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2.b. High Gate Input Impedance. 

The gate input impedance is a high resistance shunted by a capacitance. At high 
frequencies the capacitance completely dominates. This fact allows the design of a 
simple and efficient gate drive circuit. 

2.C. No Forward or Reverse Biased Second Breakdown. 

Because of the positive temperature co-efficient of channel resistance, power 
MOSFETs do not have forward or reverse biased second breakdown characteristics 
like bipolar devices. Thus power MOSFETs improve the overall reliability of systems. 
Snubber networks for turn-off load lino shaping may be smaller and often eliminated. 
This reduces circuit complexity and cost. The voltage spikes due to stray inductance 
can be limited by simply controlling the switching times in many applications. 

2.d. Integral Diode. 

There is a built-in diode across the source to drain. The reverse recovery time of the 
diode depends upon the drain to source breakdown voltage. Low voltage (lOOV) 
devices have reverse recovery times as low as 200 nanoseconds, while high voltage 
devices (400-5 OOV) have recovery times of about 600-700 nanoseconds. When a high 
speed diode is not required, the internal diode can be used effectively for free wheel- 
ing voltage damping. However, long recovery times might hinder the performance of 
the circuit in some applications, so this effect must be considered. 

2.e. Current Sharing Capability 

Since the channel resistance of a power MOSFET has a positive temperature co- 
efficient many devices can be paralleled with much less special design attention than 
with bipolar transistors. The power output capability can, thus, be extended. 

The Undesirable Features of the Power MOSFET are: 

2.f. Temperature Dependence of Saturation Resistance. 

The saturation resistance (RDS(on)) increases with temperature. It doubles approx- 
imately every 1 10°C. Thus, power dissipation will increase as the junction tempera- 
ture increases. Consideration of the thermal stability of the system is required if a 
major part of the power losses occur in the on-state mode. 

(In a bipolar transistor “off line” converter, most of the power losses are due to 
switching. The switching losses increase with temperature, usually doubling every 
lOO^C. In this respect, power MOSFETs will be more thermally stable than bipolar 
transistors, as switching the times of a power MOSFET do not change with 
temperature.) 
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2. g. Silicon Chip Area. 

The silicon chip area of a power MOSFET is about 50% larger than an equivalent 
bipolar transistor. This has some impact on the cost of the device. 

3. Construction 

The cross section of an N-channel vertical DMOS (double-diffused MOS) is shown in 
Figure 3.1. Sections of this structure affecting gate drive are discussed in the follow- 
ing sections. 


Silicon Polycrystal 



Figure 3.1 The Power MOSFET Physical Structure 
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4. Parasitic Elements and Switching 

Since MOSFETs are majority carrier devices, they are theoretically capable of switch- 
ing in picoseconds. In practical devices, however, parasitic elements adversely affect 
switching capability. MOSFET parasitic capacitances are shown in Figure 4.1 . 



Figure 4.1 Power MOSFET Parasitic Capacitance 
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The thickness and area of Si 02 dielectric material between gate and source determines 
the value of the gate capacitance. In the off-state, the total gate-to-source capacitance 
is composed of a) capacitance C 3 between the gate and the heavily doped N+ source 
region, b) capacitance C 2 between the gate and the moderately doped P region and 
c) capacitance Cj between the gate and the source metallization on the top of the 
gate (C| is much less than capacitances C 3 and C 2 and can be neglected). The gate 
capacitance is practically independent of gate voltage, as shown in Figure 4.2. 



0 5 10 1& 20 25 30 

Vps- Volts 

Figure 4.2 Capacitance Vs. Drain to Source Voltage 


The Miller effect capacitance between drain and gate consists of a series combination 
of a space charge capacitance C^g due to a depletion layer in the N-region and the 
dielectric capacitance C 4 between the N-region and the gate, as shown in Figure 3.1. 
The capacitance C^g is a function of drain voltage (as shown in Figure 4.2), while 
dielectric capacitance C 4 is independent of the voltage. These drain capacitances 
effectively increase the input gate capacitance during switching transitions. 

The capacitance ^ds between drain and source is a depletion capacitance and does 
not have a major effect on the switching behaviour of the device. It can be neglected 
in the switching analysis. 



UNITRODE CORPORATION • 5 FORBES ROAD 
LEXINGTON, MA 02173 • TEL. (617) 861-6540 
TWX (710) 326-6509 • TELEX 95-1064 


15-125 


PRINTED IN USA. 




APPLICATION NOTE 


U-88 


The tum-on and turn-off characteristics of a power MOSFET are shown in Figure 4.3. 

'^Final 



Turn-off Time 


Figure 4.3 Power IVIOSFET Switching Waveforms 
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Figure 4.4 Input Capacitance and Conditions at Tum-on 
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4.a. Turn-on Delay Time - 

The effective gate input capacitance during this period is a parallel combination of 
capacitor Cj, C 2 and C 3 . While the gate voltage builds up toward the gate threshold 
voltage, the drain voltage remains the same. 


4.b. Rise Time - tj. 

When the drain voltage starts to drop, during current rise time the effective gate 
capacitance increases significantly due to the Miller effect capacitance (C^g), which 
absorbs nearly all the gate drive current. The rise time of the drain current is inversely 
proportional to the gate drive current supplied, and transition rise time can be con- 
trolled accurately by controlling the gate current, a feature particularly useful to 
reduce current overshoot due to rectifier reverse recovery. Since the magnitude of the 
gate and drain capacitances are determined by the structure of the device, they are 
very consistent from device to device and are temperature independent. This allows 
optimization of snubber network designs. 


4.C. Dynamic Saturation — t 3 

During this period, which follows the rise time; the drain voltage drops below the gate 
voltage. An inversion layer is established underneath the entire gate in the N- drain 
region. The gate capacitance is equal to the dielectric capacitance and is independent 
of voltage bias. At this point, the total drain to gate capacitance changes abruptly to 
a very high value. This can be seen in the gate voltage waveform of Figure 4.3 where 
effective gate capacitance is in the order of 50,000 pf and no further increase in gate 
voltage is noticed. 


4.d. Overdrive Period 

The input gate capacitance is approximately twice the value expected from Figure 4.2 
during over-drive conditions, as can be seen by comparing the slopes of the gate 
voltage during the period and overdrive (see Figure 4.3). This is because Cg^ is 

measured with a greater voltage across the drain to source terminals than is present 
during this period. 
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Typical Circuit 


Waveforms 



Vds» Vce- Vin 



Figure 5.1 A Transistor Current During Turn-On 



Rgure 5.1 B Effect of Reverse Recovery on Losses 


Figure 5.1 Importance of Current Rise Time in a Transistor 
and Reverse Recovery in a Rectifier 
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Figure 5.2A Schottky Rectifier (SD41) 


Figure 5.2B Ultra-fast PN Junction (UES701) 


Figure 5.2 Reverse Recovery of Fast Rectifiers 


5. Drive Circuit Considerations 

The power MOSFET is a charge driven device, and the switching times can be con- 
trolled by the external circuit rather than by the device itself. In a buck switching 
regulator application (or similarly behaving circuit), the rise time of a power MOSFET 
may be controlled to prevent excessive current spikes and power dissipation due to 
rectifier reverse recovery. Current spikes also produce unwanted ringing and RFI 
in the circuit. The relationship between reverse recovery time, current rise time and 
power dissipation in the power MOSFET is shown in Figure 5.1 . The fastest available 
power PN junction rectifiers have recovery times on the order of 20 ns. To minimize 
the recovery current spikes, the current rise time of the power MOSFET should be 
made at least 3 times slower than the reverse recovery of the rectifier. Even though 
Schottky rectifiers are majority carrier devices, they have about the same effective 
reverse recovery time as very fast PN junction diodes due to high junction capaci- 
tance, as shown in Figure 5.2. In transformer coupled switching regulators, leakage 
inductance will reduce the large current spikes to some extent depending upon the 
transformer design. 
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During turn-off time, voltage spikes will occur as a result of energy stored in the 
stray inductance of the drain circuit during the preceding on-time. The magnitude of 
these spikes directly depends upon the speed with which the device is turned off and 
upon lead inductance in the drain circuit. A snubber network in the drain may be 
required to limit these voltage spikes. The turn-off power dissipation can be opti- 
mized with a fast turn-off time along with the use of a snubber circuit. 

The drive circuit described in this section allows control of the rise time in a power 
MOSFET during turn-on while providing fast turn-off. 

5. a. Low Cost Gate Drive Circuit 

A low cost power MOSFET gate drive circuit with isolation for off-line applications 
is shown in Figure 5.3. The circuit provides a controlled rate of increasing drain cur- 
rent to minimize spikes due to the reverse recovery of the output rectifier. The 
rise time of the power MOSFET is controlled by supplying a linearly increasing gate 
voltage. The relatively large capacitor Cj (as compared with Cg^) is placed in parallel 
with the gate and source to minimize the effect of variations of C^g on the switching 
characteristic of the device. Cj also prevents spurious oscillations due to high fre- 
quency voltage feedback from C^g. Cj is charged with a constant current from the 
drive circuit, providing linearly increasing voltage at the gate of power MOSFET, 
Q 2 . The rise time of the MOSFET depends on the rate at which capacitor C| charges. 
The drive circuit described provides a rise time of around 70 ns and current fall time 
of about 40 ns. 


UES1301 


Figure 5.3 Low Cost Gate Drive Circuit with Isolation 
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The operation of the circuit can be described as follows: When drive transistor Qj 
turns on, the current transformer provides constant drive current into the secondary 
circuit. The constant drive current is determined by resistor R| and will charge 
capacitor Cj linearly through diode D2. Zener diode limits Q2 gate to source 
voltage. When the voltage across the secondary winding drops due to primary time 
constant Lp/Rl, the zener diode D2 becomes reverse biased and prevents the dis- 
charge of capacitor Cj. While transistor Q| is on, the energy will be stored in the 
transformer core. When transistor Q| subsequently turns off, current will flow in 
the secondary side due to energy stored in the core of transformer T | . The amount 
of energy stored must be greater than that stored in the capacitor Cj in order to 
ensure complete discharge of the capacitor. 

Capacitor C| discharges through zener diode D2. Diode Dj prevents any negative 
voltage swing across gate to source and provides a current path for discharge of the 
secondary inductance. 
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The circuit shown in Figure 5.4 improves the fall time compared to the previous 
circuit. The operation of the circuit is the same as that described above except during 
turn off. During Q| turn-off, capacitor Cj discharges through winding and diode 
D 2 . The discharge current will be 4 times greater than in the previous circuit because 
the current now flows through only one quarter of the winding, while the ampere- 
turns remain unchanged. Diode Dj prevents current flow from the winding N 2 
during turn off. 


L 

°2 300 mH 



Figure 5.4 Fall Time Enhancement Drive Circuit 


5.b. Pulse Drive Circuit 

In some applications, as in a line driver, it is essential that power MOSFETs switch 
rapidly both during tum-on and turn-off. The drive circuit shown in Figure 5.5 
provides these fast switching times while conserving drive power from the low voltage 
supply. The circuit is capable of switching a device with a high (2500 pf) gate input 
capacitance in 1 2 to 15 nanoseconds. During off time, low impedance is maintained 
across gate to source. This prevents tum-on of the power MOSFET due to dv/dt or 
noise at the drain terminal. The drive circuit can be operated from IKHz to 100 KHZ 
without any changes. For low cost, it utilizes an inexpensive ferrite bead as a current 
transformer. 
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The drive circuit operates from a 25 V power supply. The transformer is driven by a 
Unitrode UC 1524 A pulse width modulator control chip. With Q3 off when the out- 
put transistor of the UC 1524 A turns on, the voltage is impressed across the 
primary of current transformer T|. The energy stored in the capacitor C| is, thereby, 
transferred to the Tj secondary. Secondary current flows through capacitor C2, 
winding N2, diode D3, diode D4, small signal MOSFET Q2 and back to capacitor 
C2. The secondary current discharges the initially charged capacitor €2* MOSFET 
Q2 turns off when the voltage across C2 drops below the gate threshold voltage of 
Q2. The negative voltage across the gate to source of Q2 is clamped to a safe value 
by diode Dj. Now the secondary current starts to flow into the input gate capaci- 
tance of the output power MOSFET Q3. When the gate voltage reaches the gate 
threshold voltage, Q3 will begin to turn on. The gate voltage will continue to rise 
until the current transformer saturates and the current in the secondary ceases. The 
voltage across winding N2 drops to zero. Charge stored in the gate capacitance of 
Q3 is maintained because diode D4 is back biased by the resulting gate voltage. The 
rate at which the gate capacitance discharges depends upon the leakage current of 
D4 and the of Q2. 

For 1 .0 fiA total leakage current, it will require about 25 milliseconds to discharge 
a device with a 2500 pf input capacitance. 

When the output transistor of the UC 1524 A turns off, the magnetizing energy stored 
in the current transformer is transferred by current flow to the secondary circuit. 
The current will flow in the loop which consists of diode D2, winding N2, and capaci- 
tance C2 in parallel with the input capacitance of Q2. When the voltage on the gate 
reaches the threshold voltage, Q2 turns on and discharges the gate capacitance of 
Q3 with a low impedance, resulting in fast turn-off. 

Capacitor C2 remains charged because it has no discharge path. This keeps Q2 on and 
Q3 is held off. This prevents turn-on of Q3 due to any dv/dt present at the drain 
terminal of Q3, which is particularly useful in PWM half-bridge switching regulator 
circuits. 
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Figure 5.5 Pulse Drive Circuit 


The power drawn from the drive circuit power supply is minimized by using this 
current pulse drive circuit, especially when operating at a low frequency for fast 
switching applications. 

The switching times of a Unitrode power MOSFET are compared with those of a 
competitive device in Figure 5.6. The circuit described above was used. The devices 
have the same voltage and current ratings and comparable Unitrode 

UFN44C1 switches faster, due to its 20 percent lower gate-to-drain and gate-to-source 
capacitances, than the competitive device. 
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Unitrode UFN44C1 - Turn-on Time - Competitive Device 



Unitrode UFN44C1 - Turn-off Time - Competitive Device 

Figure 5.6 Switching Times of Unitrode UFN44C1 Power MOSFET vs 
Competitive Device with Same Voltage and Current Ratings 


Conclusion 

The use of power MOSFETs in switching regulated power supplies is advantageous 
due to their fast switching capability with simple drive circuits. The overall system 
cost can be further reduced by operating these power MOSFETs at a high frequency. 
The reliability of the switching power supply is improved due to lack of forward or 
reverse bias second breakdown in the device and due to reduced parts count. 
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A SECOND-GENERATION 1C SWITCH MODE CONTROLLER OPTIMIZED 
FOR HIGH FREQUENCY POWER MOSFET DRIVE 


Introduction 

Since the introduction of the SG1524 in 1976, integrated 
circuit controllers have played an important role in the 
rapid development and exploitation of high-efficiency 
switching power supply technology The 1524 soon 
became an industry standard and was widely second- 
sourced (it is available from Unitrode as the UC1524). 
Although this device, as well as the MC3420 and TL494 
which followed it, contained all the basic control ele- 
ments required for switching regulator design; practical 
power supplies still required other functions which had 
to be implemented with additional external discrete cir- 
cuitry. 

An additional development within the semiconductor 
industry was the introduction of practical power FETs 
which offered the potential of higher efficiencies at 
higher speeds with resultant lower overall system costs. 
In order to be able to take full advantage of the speed 


capabilities of power FETs, it was necessary to provide 
high peak currents to the gate during turn-on and turn- 
off to quickly charge and discharge the gate capaci- 
tances of 800 to 2000pF present in higher current units. 

The development of a second-generation regulating 
PWM 1C, the UC1525A, and its complimentary output 
version, the UC1527A, was a direct result of the desire 
to add more power supply elements to the control 1C, as 
well as to optimize the interfacing of high current power 
devices. 

Integrating More Power Supply Functions 

Having achieved the greatest level of acceptance 
among users of first generation control chips, the 1524 
became the starting point for expanding 1C controller 
capabilities. This early device, shown in Figure 1, con- 
tains a fixed-voltage reference source, an oscillator 
which generates both a clock signal and a linear ramp 



Figure 1. The UC1524 Regulating PWM Block Diagram. 

This design was the first complete 1C control 
chip for switch mode power supplies. 
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waveform, a PWM comparator, and a toggle flip-flop with 
output gating to switch the PWM signal alternately 
between the two outputs. 

With this circuitry already defined, a two pronged devel- 
opment effort was initiated; 1) to add additional features 
required by most power supply designs and 2) to 
improve the utility of features already included within the 
1524. The resultant block diagram for the UC1525A is 
shown in Figure 2. Two general comments should be 
made relative to the overall block diagram. First, in opti- 
mizing the output stage for bi-directional, low impedance 
switching, commitments had to be made as to whether 
the output should be high or low during the active, or ON 
state. Since this is application defined there are needs 
for both output states, so both were developed with the 


UC1525A device defined by an output configuration 
which is high during the ON pulse, and the UC 1527A 
configured to remain high during the OFF state. This dif- 
ference is implemented by a mask option which elimi- 
nates inverter Q4 (see Figure 3) for the UC1527A. In dll 
other respects, the 1525A and 1527A are identical and 
any description of the 1525A characteristics apply 
equally to the 1527A. Second, a major difference 
between this new controller and the earlier 1524 Is the 
deletion of the current limit amplifier. There are so many 
system considerations In providing current control that It 
is preferable to leave this as a user-defined external 
option and allocate the package pins to other, more uni- 
versally requested functions. Current limiting possibili- 
ties are discussed further under shutdown options. 


+ ^IN©“ 

GROUND (12)■ 
SYNC0- 


DISCHARGE (7)- 


COMP @- 

INV. INPUT ©- 
N.l. INPUT ©■ 

SOFT-START 0- 


SHUTDOWN (5^ 



Figure 2. The UC1525A family represents a “second 
generation” of 1C controllers. 
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“Totem-Pole” Output Stage 

One of the most significant benefits in using the 
UC1525A is its output configuration. For the first time it 
has been recognized in an IC controller that it is more 
difficult to turn a power switch off than turn it on. With the 
UC1525A, a high-current, fast transition, low impedance 
drive is provided for both turn-on and turn-off of an exter- 
nal power transistor or FET. The circuit schematic of one 
of the two output stages contained within the device is 
shown in Figure 3. This is a two-state output, either Qq is 
on, forming a low saturation voltage pull-down, or Qy Is 
on, pulling the output up to Vq. Note that Vc is a separate 
terminal from the V,n supply to the rest of the device. 
This offers the benefits of potentially operating the out- 
put drive from a lower supply than the rest of the circuit 
for power efficiencies, decoupling of drive transients 
from more sensitive circuits, and a third terminal for 
extracting a drive signal. Note that even though Vc can 
be set either higher or lower than V,n, the output cannot 
rise higher than approximately 1 V 2 volts below V,fg. 



Figure 3. One of two power output stages contained 
within the UC1525A which conduct alternately 
due to the internal flip-flop. 


During the transition between states, there is a slight 
conduction overlap between source and sink which 
results in a pulse of current flowing from Vc to ground. 
However, due to the high-speed design configuration of 
this stage, this current spike lasts for only about 100ns. 
A typical current waveform at Vc is shown in Figure 4. 
This transient will normally be decoupled from the rest of 


the control power by a 0.1 mfd capacitor from Vc to 
ground but it should not, otherwise, cause a problem 
unless very high frequency operation is contemplated 
where it will contribute to overall device power dissipa- 
tion, by becoming a significant portion of the total duty 
cycle. 



HORIZONTAL = 500ns/DIV 


Figure 4. Current “spiking” on the Vc terminal caused by 
conduction overlap between source and sink is 
minimized by high-speed design techniques. 



.01 .02 .03.04.05.07.10 .2 .3 .4.5 .7 lA 


OUTPUT CURRENT, SOURCE OR SINK (A) 

Figure 5. The ouput saturation characteristics of the 
UC1525A provide both high drive current and 
low hold-off voltage. 
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The output saturation characteristics of this stage are 
shown in Figure 5. The source transistor, Q7, is a straight 
forward Darlington and its saturation voltage remains 
between 1 and 2V out to 400mA under the assumption 
that V,N > Vcc- The sink transistor, Qg, however, has a 
non-uniform characteristic which needs explanation. At 
low sink currents, the 1mA current source through Qg 
Insures a very low saturation voltage at the output. As 
load current increases past 50mA, Qg begins to come 
out of saturation for lack of base drive but only up to 
about 2V. Here diode Dg becomes forward biased shunt- 
ing a portion of the load current through Qg to boost the 
base current into Qg. With this circuit, the sink transistor 
can both support high peak discharge currents from a 
capacitive load, as well as insure the low static hold-off 
voltage required for bipolar transistors. 

A typical output configuration for a push-pull, bipolar 
transistor power stage is shown In Figure 6. With a 
steady state base drive current from the UC1525A of 
100mA, this stage should be able to switch 1 to 5A of 
transformer primary current, depending upon the choice 
of transistors. The sum of and Rg determine the maxi- 
mum steady state output current of the UC1525A while 
their ratio defines the voltage across C2 which, at turn 
off, becomes the reverse Vbe for Q^. With the values 
given, the output current and voltage waveforms are 



HORIZONTAL = 500ns/DIV 


V„, = Vc = 20V 

OUTPUT A, 5V/DIV 

Q, BASE CURRENT 
200mA/DIV 


Figure 7. Base current waveforms (Figure 6 circuit) show 
the enhanced turn-on and turn-off current pos- 
sible with the UC1525A. 


shown in Figure 7 for a one microsecond pulse. If power 
FETs are used for the output switches as shown in Fig- 
ure 8, the Interfacing circuitry can become even simpler 
with only a small series gate resistor potentially required 
to damp spurious oscillations within the FET 



Figure 6. A typical push-pull converter power stage 
using external bipolar power transistor 
switches. 


Figure 8. Replacing bipolar transistors with POWER 
MOSFETs provides even greater simplicity 
due to the low driving impedances of the 
UC1525A in each transition. 
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Push-pull direct transformer drive is also particularly 
advantageous with UC1525A as shown in Figure 9. A 
version of this configuration is required for isolation 
when the control circuit is referenced to the secondary 
side of an off-line power system, and to provide level 
shifting of drive signals for V 2 bridge and full bridge 
switching. The configuration of Figure 9 has a couple of 
Important advantages. First, by connecting the drive 
transformer primary directly between the outputs of the 
UC1525A, no center-tap is needed and the full primary 
is driven with opposite polarities. Secondly, between 
each output pulse, both outputs are pulled to ground 
which effectively shorts the two ends of the primary 
winding together coupling a low-impedance turn-off sig- 
nal to the switching transistors. 



Figure 9. The UC1525A is ideally suited for driving a low- 
power base drive transformer and eliminates 
the need for a primary centertap. 


A useful single-ended configuration, typical of buck reg- 
ulators, is shown in Figure 10. Here the UC1525A out- 
puts are grounded and the PWM signal is taken from the 
Vc terminal which switches close to ground during each 
clock period as the internal source transistors are alter- 
nately sequenced. 



Figure 10. A single-ended, ground-referenced power 
stage for a flyback or boost regulator. 


Controlling Power Supply Start-Up 

Although the advantages of the UCl525A’s output stage 
will often be reason enough for its selection, there are 
several other important and useful features incorporated 
within this product. One problem previously overlooked 
in PWM circuits Is keeping the output under control as 
the supply voltage is turned on and off. Undefined 
states, particularly the possibility of turning on an output 
before the oscillator is running, can be quite awkward, if 
not catastrophic. To prevent this, the UC1525A has 
incorporated an under-voltage lockout circuit which 
effectively clamps the outputs to the off state with as lit- 
tle as 2 V 2 V of supply voltage which is less than the volt- 
age required to turn the outputs on. This clamp is main- 
tained until the supply reaches approximately 8V 
insuring that all the remaining UC1525A circuitry is fully 
operational prior to enabling the outputs. The clamp 
reactivates when the supply is lowered to approximately 
7.5V. There Is about 500mV of hysteresis built in to elimi- 
nate clamp oscillation at threshold. 

Another important aspect of power sequencing Is 
restraining the outputs from immediately commanding a 
100% duty cycle when they are activated. This is 
accomplished by a slow turn on (soft-start) which Is 
defined by an internal 50/xA current source In conjunc- 
tion with an externally applied capacitor. The details of 
this power sequencing system are shown in Figure 1 1 . 
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Q3 and Q4 are the output gates normally driven by the 
oscillator through Dg to provide output blanking between 
pulses. (One of these transistors is shown as Qg in Fig- 
ure 3.) At low supply voltages, Q2 conducts with base 
drive from the 20/xA current source. Qg provides three 
functions. First, current through R4 activates the output 
gates with minimum voltage drop. Second, current 
through R5 activates the shutdown transistor Q5 holding 
the soft-start capacitor. Css, discharged. Third, Rg pro- 
vides a small bucking voltage across R3 for hysteresis at 
the switch point. 

When the input voltage becomes high enough to pro- 
vide a little more than one volt at the base of Q^, that 
transistor turns on. This turns off Qg, activating the out- 
puts and allowing Cgs to begin to charge from the inter- 
nal SOfiA current source. The time to reach approxi- 
mately 50% duty cycle will be 


/ 2 volts \ 

t = ( I Css 

\ 50/iA / 



Figure 11. The internal power turnon, soft-start, and 
shutdown circuitry of the UC1525A. 


Power Supply Shutdown 

An Important part of any PWM controller is the ability to 
shut It down at any time for a variety of reasons, includ- 
ing system sequencing requirements or fault protection. 
Several options are available to the user of the 
UC1525A, which require an understanding of the capa- 
bility of the shutdown terminal, pin 10. Referring to Fig- 
ure 1 1, the base of Q5 is turned on by a signal which is 
clamped to approximately 1 .4V by the action of and 
the Vbe of gates Q3 and Q4. This holds the outputs off 
and keeps Cgs discharged by Qg which, with R9, 
becomes a 100/xA net current sink. 

If, during normal operation, pin 10 is pulled high, three 
things happen. First, the outputs are turned off within 
200ns through D^. Second, the PWM latch is set by Qg 
so that even if the signal at pin 10 were to disappear, the 
outputs would stay off for the duration of that period, 
being reset by the next clock pulse. Third, Qg is acti- 
vated commencing a lOO^A discharge of Css- However, 
if the activation pulse on pin 10 has a duration shorter 
than V3 of the clock period, the voltage on Css will 
remain high and soft-start will not be reactivated. Natu- 
rally, a fixed signal on pin 10 will eventually discharge 
Css, recycling soft-start. Thus, the shutdown pin pro- 
vides both sequencing capability as well as a convenient 
port for protective functions. Including pulse-by-pulse 
current limiting. 


Regulating PWM Performance 
Improvements 

The UC1525A also offers significant performance and 
application improvements in almost all of the additional 
basic functions of a PWM over those obtainable with 
earlier devices. A general description of these features 
is outlined below: 

Reference Regulator: The output voltage of this regulator 
is internally trimmed to 5.1V ±1% during manufacture, 
eliminating the need for adjusting potentlomenters in 
most applications. 

Error Amplifier: The UC1525A uses the same basic 
transconductance amplifier as the UC1524 with an 
important difference: it is powered by V|n rather than 
Vref. Now the input common-mode range includes Vref 
eliminating the need for a voltage divider with its atten- 
dant tolerances. An additional feature relative to the 
error amplifier is that the shutdown circuitry feeds into a 
separate input to the PWM comparator allowing pulse 
termination without affecting the output of the error 
amplifier which might have a slow recovery, depending 
upon the external compensation network selected. An 
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important benefit of a transconductance amplifier is the 
ease with which its current mode output can be over-rid- 
den by other external controlling signals. 

PWM Comparator: The significant benefit of the 
UC1525A’s PWM comparator is in its following latch. A 
common problem with earlier devices was that any 
noise or ringing on the output of the error amplifier would 
affect multiple crossings of the oscillator ramp signal 
resulting in multiple pulsing at the comparator’s output. 
The UC1525A’s latch terminates the output pulse with 
the first signal from the comparator, insuring that there 
can be only a single pulse per period, removing ail jitter 
or threshold oscillation from the system. Another impor- 
tant advantage of this latch is the ability to easily imple- 
ment digital or pulse-by-pulse current limiting by merely 
momentarily activating the shutdown circuitry within the 
UC1525A. This could be as simple as connecting pin 10 
to a ground-referenced current sensing resistor. For 
greater accuracy, some added gain may be advanta- 
geous. Once a current signal causes shutdown, the out- 
put will remain terminated for the duration of the period, 
even though the current signal is now gone. An oscilla- 
tor clock signal resets the latch to start each period 
anew. 


Oscillator: The functions of the oscillator within the 
UC1525A have been broadened In two important 
aspects. One is the addition of a synchronization termi- 
nal, pin 3, allowing much easier interfacing to an exter- 
nal clock signal or to synchronize multiple UCl525A’s 
together. The other is the separation of the oscillator’s 
discharge network from its charging current source for 
deadtime control. Reference should be made to the 
schematic of Figure 12 for an understanding of the oper- 
ation of this circuit. The heart of this oscillator is a dou- 
ble-threshold comparator, Oj and Qg, which allows the 
timing capacitor to charge to an upper threshold by 
means of the current source defined by Rj and mirrored 
by Qi and Q 2 .The comparator then switches to a lower 
threshold by turning on Q^o and discharges Cj through 
Qg and Q 4 with a rate defined by Rq. As long as Cj is 
discharging, the clock output is high, blanking the out- 
puts. Since the overall oscillator frequency is defined by 
the sum of the charge and discharge times, there are 
three elements now in the frequency equation which is 
approximately: 

1 

f « 

Ct (.07Rt + 3Rd) 



CLOCK OUT 

Figure 12. A simplified schematic of the UC1525As 
oscillator circuitry. 
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External synchronization can easily be accomplished 
with a 2.8V positive pulse at pin 3. This will turn on Qg, 
lowering the comparator threshold below wherever the 
voltage on Cj may happen to be. Two factors should be 
considered: First, the voltage on Cj determines the 
amplitude of the PWM ramp, and if the sync occurs too 
early, the loop gain will be higher and the resolution may 
be worse. Second, the sync circuit is regenerative within 
200ns; and, while a wider pulse can be used, Cj will not 
begin to recharge as long as the sync pin is high. For 
synchronizing multiple UC1525A devices together, one 
need only to define a master with the correct RjCt time 
constant, connect its output pin to the slave sync pins, 
and set each slave RjCj for a time constant 10-20% 
longer than the master. 


A 200 Watt, Off-Line, Forward Converter 

The ease of interfacing the UC3525A into a practical 
power supply system can be illustrated by the off-line, 
power converter shown in Figure 13. This 200W supply 
places the control circuitry on the primary side of the 
power transformer where direct coupling can be used to 
drive the power switch. While simplifying the drive elec- 
tronics, this configuration usually requires an isolated 
voltage feedback signal which Is most easily accom- 
plished by an optocoupler driven by some type of volt- 
age regulator 1C such as a SG723 or LM305. One other 
undefined block in Figure 13 is the auxilllary power sup- 
ply which suppplles the low voltage, low current bias 
supply for the UC1525A and the drive for Qi, the power 
switch. The choice of the UFN44C2 POWER MOSFET 



Figure 13. 200W, Off-Line Forward Converter. 
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for this switch keeps the total power requirements from 
the auxiliary supply at less than 1W; readily imple- 
mented with a small, line-driven transformer. 

This converter is designed to operate at 150kHz which Is 
accomplished by running the UC1525A at 300kHz and 
using only one of the outputs. This also automatically 
Insures that the duty cycle can never be greater than 
50%, a requirement of the power transformer in this 
configuration. The high operating frequency allows the 
output filter’s roll-off to be set at 12kHz, greatly simplify- 
ing the overall loop stability considerations as adequate 
response can be achieved with only the single-pole com- 
pensation of the error amplifier provided by the .05/iF 
capacitor on pin 9. 

The totem-pole output of the UC1525A is used to advan- 
tage to drive Qi by providing a 400mA peak current to 
charge and discharge the MOSFET’s gate capacitance 
while keeping overall power dissipation low. Waveform 


photographs of this operation are shown in Figure 14. 

When operating at full load, the efficiency of this con- 
verter is 73% with by far the greatest power losses 
occurring in the output rectifiers— even though Schottky 
devices have been selected. Switching losses have 
been minimized by the fast current transitions, primarily 
defined by the leakage inductance of the transformer. 
Although this switching time could probably be even fur- 
ther reduced, there could be problems with current 
spikes during rise time due to Schottky rectifier capacit- 
ance. 

Current limiting for this converter is provided by measur- 
ing the current in UFN44C2 with the 0.1 fi resistor In 
series with the source and using this voltage to activate 
the shutdown circuitry within the UC1525A. While this 
will provide a fast-acting short circuit protection on a 
pulse-by-pulse basis, a comparator may need to be 
added for a more accurate current limit threshold. 


2A/div 0— 


ie O.SAydiv 0— 


VglOV/div 0— 


ig 2A/div 


ie 0.5A/div 



1/iS/div 

a) Waveforms of io, Iq, Vq 



Vq 10V/div 


Figure 14. 


b) Risetime 

c) Falltime 

«90ns 

a 30ns 


Current and voltage waveforms for the 200W, Off-Line Forward Converter with a UC1525A direct driven 
MOSFET Power switch. (Operating frequency is 150kHz with output current equal to 40A.) 
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Transformer Winding Data 

500 Watt, 100kHz, Off-Line, Half-Bridge Converter 

T 1 Core; Ferrox 486T250-3C8 
Pri; 14T #22AWG 
Sec (2): 7T #22AWG 

T2 Core: Ferrox EC52-3C8 (EE) 

Pri: 14T, 2 layers, 2 #16 AWG in parallel 
Sec (2): each 2T, C.T, copper strap .01 


T3 Core; Ferrox 486T250-3C8 
Pri: IT 

Sec: 20T, C.T #22AWG 
T4 117V/220V, 25V, 0.1 5A, 50-60Hz 
LI Core: Ferrox IF30-3C8 
X .8" 4 turns, 5 #12AWG in parallel 


o- 

220VAC 

a— 

115VAC 

o- 


3.90 20nF 




Figure 15. 500W, 100kHz Half-Bridge Schematic. 
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500 Watt, Off-Line, Half-Bridge Converter 

The circuit shown in Figure 15 uses a pair of Unitrode 
UFN44C2 POWER MOSFETs in a half-bridge configu- 
ration with the UC1525A chip referenced to the second- 
ary side of the power transformer. The MOSFET gates 
are driven directly from the control chip output through 
step down and isolation transformer Ti. The UC1525A 
output terminals (pins 11 and 14) provide active pull-up 
and pull-down (dual source/sink) for the primary of T^. 
This provides the fast, high current turn-on and turn-off 
pulses needed for the MOSFET gates. In addition, the 
two ends of the primary windings are shorted to ground 
during deadtime, which prevents accidental turn-on by 
transients. Note that the current supplied by the 
UC1525A outputs drops to a small value when the gate 
capacitance has been charged or discharged to the 
desired gate voltage. Damping resistors with series 
blocking capacitors across the two secondaries of T^ 
minimize ringing due to the MOSFET gate capacitance 
and the inductance of T^ and lead inductance, particu- 
larly during deadtime. 

Deadtime for the UC1525A is set very simply by a single 
resistor between pins 5 and 7. Only a small amount of 
deadtime is needed since the MOSFETS have no 
storage time and a very short delay time. 

Slow turn-on is accomplished by a single capacitor at 
pin 8. 

Current limiting is provided by current transformer Tg in 
series with the primary of the power transformer Tg. The 
signal is rectified, threshold adjusted and sent to the 
shutdown terminal, pin 10, of the UC1525A. 

Waveforms of the converter are shown in the scope pho- 
tos of Figure 16. Current rise and fall times are 20ns and 
10ns. For additional details on this design, see Unitrode 
Application Note U-87, a 500W, 200kHz Off-Line Power 
Supply using POWER MOSFETS. 

Improved Performance; Less Complexity 

Although power supply designers for some time now 
have had an ever widening inventory of 1C components 
available to ease their design tasks, the final measure of 
improvement has to be in terms of system performance 
versus cost. With fewer Interface components to the 
power stages, freedom from potentiometer adjustments, 
protected start-up and shut-down, a built in soft-start net- 
work and several additional system-level features, the 
UC1525A provides a significant contribution to both per- 
formance and costs while simultaneously making the 
designer’s task easier. With these accomplishments, it is 
clear that this device truly does represent a step-function 
improvement, introducing a second-generation of power 
control components. 



ip 2A/div 
cA- 


Iq 0.5A/div 
oA- 


Vqs 10V/div 
oV- 


2/xs/div 

a) Waveforms of i^, \ q , Vq 



100ns/div 
b) Risetime 



lOOns/div 
c) Falltime 


Figure 16. Performance waveforms for the Half-Bridge, 
500W, 100kHz Converter with output current 
ofaOA. 
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THE UC1524A INTEGRATED PWM CONTROL CIRCUIT PROVIDES 
NEW PERFORMANCE LEVELS FOR AN OLD STANDARD 


Introduction 

The application of IC technology to the switching 
power supply really began with the introduction of the 
SG1524 in 1976. This device was the first IC to 
implement all the control blocks necessary for a wide 
range of PWM power systems. Its straight-forward 
approach to the classic PWM architecture gave it 
wide acceptance, and it has become the most 
commonly used IC controller today. 

Even though the 1524 has gained great acceptance 
and engineers have praised its versatile and easy to 
understand architecture, they have many times cursed 
the simplistic, or idealistic, ways its individual blocks 
were implemented. While one would assume, at first 
glance, that all control functions necessary for most 
power supply applications are contained within the 
1524, in the real world of practical power systems, 
additional circuitry is required to interface with the rest 
of the system, to protect against different types of 


fault conditions, to adjust for inaccuracies, or to 
improve control during power sequencing. 

Although in the intervening years, many new IC control 
chips have been introduced which offer certain 
specialized advantages, it was found that design 
engineers still preferred the 1524 for its wide ver- 
satility and generalized architecture. From this 
understanding, it became apparent that a new design, 
which would improve many of the 1524’s individual 
functions by making them more predictable and easier 
to apply, while retaining the same architecture, could 
be a winner. Thus, Unitrode undertook this task. The 
result is the UC1524A. 

The UC1524A PWM Controller 

A design goal set for the UC1 524A was that it not only 
retain the same architecture but keep the same pin 
configuration as the 1524 and function equal to or 
better than the 1524 in most existing applications. In 



FIGURE 1 —The UC1524A Block Diagram Follows the Same Architecture As the UC1524 But With Several Significant 
Differences. 
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this way, engineers who were familiar with the 1524 
could easily understand and evaluate the UC1524A. 
Performance improvements had to be significant, 
particularly in reducing the need for discrete support 
circuitry, so there would be a cost advantage in using 
the UC1524A in new designs. The block diagram of 
the UC1524A is shown in Figure 1 which, by intent, 
appears very similar to that of the older 1 524. 

The list of the improvements, however, is considerable 
and includes the following: 

1 . The 5V reference is now internally trimmed 
to ±1% accuracy, eliminating the need for 
potentiometer adjustments. 

2. The error amplifier’s input range now extends 
beyond 5V, eliminating the need for a pair of 
dividers and their attendant tolerances. 

3. A high-gain, wide-band, current sense amplifier 
has been included which is useful for either 
linear or pulse-by-pulse current limiting in the 
ground or power supply output lines. 

4. An under-voltage lockout circuit has been 
added which disables all the internal circuitry 
except the reference until the input voltage 
has risen to 8V. This holds standby current low 
until turn-on, greatly simplifying the design of 
low-power, off-line converters. There is 
approximately 600mV of hysteresis included 
for jitter-free activation. 

5. A PWM latch has been added insuring freedom 
from multiple pulsing within a period, even in 
noisy environments. In addition, the shutdown 
circuit feeds directly to this latch which will 
disable the outputs within 200ns of activation. 

6. The oscillator circuit is usable to frequencies 
beyond 500kHz and is easier to synchronize 
with an external clock pulse. 

7. The power capability of the output switches has 
been boosted by doubling the current capability 
to 200mA and increasing the voltage rating to 
60V. 

An understanding of some of these improvements is 
necessary for ease in application and will now be 
discussed in greater detail. 

Internal Power Turn-on Circuit 

The under-voltage lockout and turn-on hysteresis cir- 
cuit is shown in Figure 2. This circuit requires approx- 
imately 2V for activation; but, since nothing else will 
turn on without at least 3V of supply voltage, lockout 
Is assured. When V|n rises above 2V, R2 begins to 



FIGURE 2 — The Under- Voltage Lockout and Power 
Turn-On Circuitry within the UC1524A. 


conduct saturating Q3 and holding the base of Q5 too 
low to allow any of the current sources to conduct. 
The current through R4 flows through Q3 and R3, 
developing a 600m V drop across R3 when Vref 
reaches 5V. At this level, the only current flowing is 
that used by the reference regulator and R2 and R4, a 
total of approximately 2.5mA at turn-on threshold. 

When the input voltage reaches approximately 8V, 
diode, begins to conduct turning on Q2 which turns 
off Q3 and allows the current sources to activate. Since 
the current through Q2 is much less than through Q3, 
the voltage across R3 drops, providing positive feed- 
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FIGURE 3 —Supply Current for the UC1524A vs. Input 
Voltage. 
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FIGURE 4 — Voltage and Current Sensing Amplifiers Have a Common Output at the Input to the PWM Comparator. 


back. This gives about 600mV of hysteresis. This cir- 
cuit, of course, works in reverse at turn off, insuring 
that the outputs can only operate when the supply is 
adequate for fully predictable operation. Figure 3 
shows the relationship between quiescent current and 
input voltage. Designers should find this low current 
start-up characteristic quite advantageous for off-line, 
primary-side control with boot-strapped operation after 
turn on. 

A New Current Limit Amplifier 

Since the outputs of the current limit amplifier and the 
voltage-sensing error amplifier are summed at the 
PWM comparator input, they should be examined 
together as shown in Figure 4. 

Since the error amplifier, consisting of transistors Qi 
through Q5, must have the lowest priority in controlling 
the PWM, its output must be easily overruled by cur- 
rent faults or other programming functions, such as 
soft-start, which would hold pin 9 low. Therefore, a 
transconductance amplifier similar to that used in the 
earlier 1 524 was again applied to the 1 524A with one 
exception: it is now powered by V|n instead of Vref- 
so that the input common-mode range extends to 
within 2V of either rail. Zener diode, Zi , is used on the 


output to keep the input level to the PWM comparator 
below 6 volts. 

The error amplifier’s output can be considered a 
1 0OfiA current source or sink (0 - 200/LtA source with 
100/u.A constant sink). When the current limit circuit 
activates, Qe turns on and can easily pull down pin 9 
even though the error amplifier would nominally be 
calling for a high output at this point. 

The current limit circuit consists of Qe through Q 1 2- Its 
differential PNP input stage gives it a common mode 
range extending from 300mV below ground to within 
-2V of V|N. Its threshold, or offset, of 200m V is estab- 
lished by the lOO/xA current source through R^, with 
R2 added to null out the effect of any base current 
from Qq. 

This current sensing block within the UC1524A can 
actually be used either as a linear amplifier or as a 
comparator. The open loop small-signal gain is 
approximately 80dB while its transition delay with 1 0% 
overdrive is 600ns. This can be decreased substan- 
tially with additional overdrive. Use of the current 
sensing block as a comparator is usually preferred 
from a systems standpoint, since it does not have to 
be compensated and pin 9 can be dedicated solely to 
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error amplifier compensation. Under this condition, a 
current signal over the threshold level will pull pin 9 
low, terminating the output signal. Recovery is deter- 
mined by the 100/xA pull-up current from the error 
amplifier in conjunction with any capacitance which 
may be present on pin 9. 

When the current limit circuit is used as a linear ampli- 
fier, stabilization is performed by feedback to the 
inverting input (pin 4) or by capacitance from pin 9 to 
ground as shown in Figure 5. 



FIGURE 5 — Various Compensation Options Which 
Are Possible When Both Amplifiers Are 
Operated in the Linear Mode. 


An additional feature of this circuit is its capability to 
perform as a duty-cycle limiting circuit in the configu- 
ration shown in Figure 6. If Ri is made 1 00k, there will 
be minimal effect upon the error amplifier gain. 

In current limiting, to achieve the fastest responding 
pulse-by-pulse control, consideration should be given 
to the use of the shutdown terminal on pin 10. While 
the input threshold of this circuit is not as accurately 
controlled as the current limit amplifier and has a 
negative temperature coefficient of -2mV/°C and is 
internally ground referenced; it does feed directly into 
the PWM latch with only 200ns delay from activation 
of pin 1 0 to shutdown of the outputs. 



FIGURE 6 — The Fixed 200mV Threshold of the Cur- 
rent Limit Amplifier Can Be Multiplied to 
Form a Duty-Cycle Clamp or Dead-Band 
Control. 


PWM Comparator and Latch 

The PWM latch insures only a single pulse is allowed 
to reach the appropriate output stage within each 
period. The latch is reset with the oscillator clock pulse 
which also serves to blank the outputs. Thus, although 
the latch is reset at the start of the oscillator clock 
pulse, it is the termination of the clock pulse which 
initiates output conduction. The output then stays on 
until the latch is set, either by a signal from the PWM 
comparator or from a shutdown command from pin 
10. Once the latch is set, it will hold the output off for 
the duration of the period. 

There are several significant advantages to this circuit. 
First, the latch completely eliminates multiple outputs 
of the PWM comparator because of noise or ringing 
on the output of the error amplifier causing multiple 
crossings of the ramp signal. Second, current limiting 
can now be performed much more rapidly without 
instability. Without a latch, significant integration is 
needed to maintain a turn-off signal after the outputs 
have turned off. Finally, any instabilities which might 
potentially be present in the voltage or current loops, 
or the shutdown signal from pin 10, will cause much 
less stress on the output stages, since only two tran- 
sitions through the high-dissipation active region can 
be made during each period. 

The performance of this portion of the UC1 524A can 
be evaluated using a triggerable pulse generator with 
a variable delay, set up as shown in Figure?. Rjand 
Cj are selected for the desired operating frequency. 
The clock triggers the pulse generator, and the delay 
is adjusted so the generator output occurs during the 
PWM period. The output pulse width must be at least 
200ns and the amplitude higher than the threshold 
of the UC1 524A Input being evaluated. Typical wave- 
form photographs are shown in Figure 8. 

Higher Power Output Switches 

With the higher current and voltage rating of the 
UC1524AS output switches, significant economies 
can now be achieved in interfacing with higher power 
devices. For low power requirements, a broader range 
of applications may now be served by the 1 524A itself 
without additional discrete output devices. Regardless 
of the power supply requirements, more current and 
voltage from the UC1524A will ease the design 
tradeoffs. Even with higher current and voltage, the 
UC1 524A offers fast response time. Each output stage 
contains an anti-saturation network to keep the output 
transistors out of hard saturation. Although this adds 
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FIGURE 7 — Evaluating the Turn-off Delays of the UC1524A with the Aid of a Triggerable Pulse Generator 
With Variable Delay. 



FIGURE 8 — Typical Turn-off Response From Both the Current Sense and Shutdown Inputs. 


somewhat to the saturation voltage, it is more than 
offset by the benefits in reducing turn-off delay. Satu- 
ration voltage as a function of current is shown in 
Figure 9. 

Since both collectors and emitters are available on 
the UC1524A’s output transistors, many different 
coupling possibilities are offered. One useful config- 


uration for enhanced turn-off Is shown in Figure 1 0. 
The fast-rising signal appearing at the collector of the 
output transistor, Qi , is capacitively coupled to satu- 
rate an external transistor, Q 2 , greatly reducing the 
turn-off delay of Q 3 and allowing a much larger value 
to be selected for R 3 . Many variations of this circuit 
are possible depending upon the power devices to be 
driven and the voltage levels required. 
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FIGURE 9 —Output Saturation Characteristics for Each 
of the UC1524A’s Outputs. 


Frequency Synchronization 

The oscillator circuit within the UC1524A, shown in 
Figure 1 1 , has been improved over that of the 1524 
with the addition of C2. Without this component, a 
synchronizing pulse externally applied to pin 3 had to 
do all the work of discharging the timing capacitor 
through Q4 and Q5. The simple addition of C2 couples 
a positive pulse from pin 3 to the base of Q-io, 
momentarily reducing the threshold of comparator Qs- 
Qg and regeneratively triggering the oscillator into its 
discharge state. The circuit is now leading-edge trig- 
gered and narrow pulses can be used. This is a con- 
sideration when minimum dead time is required, since 
the outputs are blanked off as long as pin 3 is held 
high. 

As with the 1 524, synchronization to an external clock 
should be done with the RjCj time constant set 
approximately 1 0 to 20% greater than that determined 
for the required clock frequency, taking into consider- 
ation the expected tolerances of the components. For 
synchronizing multiple UC1 524A devices, all Rj, Cj, 
and OSC output terminals should be individually con- 
nected together and a single Rj and Cj used. 



FIGURE 10 — The addition of and Q 2 Uses the Col- 
lector Signal of the UC1524A to Generate 
an Enhanced Turn-off Command for Q 3 


When considering blanking, the pulse on pin 3 may 
be extended somewhat by the addition of a capacitor 
of up to 1 0OpF from pin 3 to ground. If narrower blank- 
ing pulses are required, adding a resistive load from 
pin 3 to ground of 1 kohm minimum will reduce the 
pulse width. 

The best way to guarantee a large dead time is still to 
use a diode to clamp the peak output from the error 
amplifier to a divider from Vref- This technique is 
quite accurate due to the accuracy of Vref the 
1 OOjjlA fixed current available from the amplifier. 


A Simple Buck Regulator Circuit 

The application of Figure 1 2 demonstrates the utility 
of the UC1 524A used with a Unitrode PIC600 hybrid 
switch. This combination greatly simplifies the design 
of switching regulators, since the only other active 
device required is a small-signal 2N2222 which serves 
to provide a constant drive current to the output switch, 
regardless of the input voltage level. With the 
UC1524A, current sensing does not have to be done 
in the ground line, but will still function when the regu- 
lator output is shorted to ground. 
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FIGURE 11 — The Oscillator Circuit of the UC1524A Allows Both High Frequency Operation and Ease of External 
Synchronization . 



FIGURE 12 — The UC1 524A Combines With the PIC 600 Hybrid Switch to Form A Simple But Powerful Buck Regulator. 
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The waveforms of Figure 1 3 demonstrate the perfor- 
mance of the current limiting comparator, showing 
that from the onset of current limiting to a complete 
short circuit, the peak input current increases from 
5.2A to only 5.9A. 

A Complete DC-DC Converter with the 
UC1524A 

An important attribute of the new UC1 524A family is 
the higher voltage rating on the output transistors. 
This now makes it possible to implement a practical 


4W DC-DC converter operating from a common 28V 
bus with no additional output transistors. The sche- 
matic of Figure 14 uses a push-pull configuration 
which imposes a voltage of twice the supply across 
the “OFF” transistor. This is now within the rating of 
the UC1 524A and, thus, with a 28:7 turns ratio in the 
transformer, a 5V, ^AA output is achieved with 78% 
efficiency at a significant minimum parts count. 

The fast response of the current limit amplifier within 
the UC1524A again keeps the device well protected 
as shown in the waveforms of Figure 1 5. 



ABC 


Upper trace is Comp terminal (pin 9), 2 V/div 

Lower trace is input current through power switch, 0.2A/div 

Time base is 10/xsec/div. 

A = Onset of current limiting, Ip = 5.2A 

B = Into current limiting. Comp terminal held low until inductor current falls below 
threshold. Ip = 5.9A 

C = Output shorted to ground. Pulse width reduced to 2/4S. Ip still 5.9A. 


FIGURE 13 — Performance Data for Figure 14’s Regulator Shows the Tight Control of Peak Current, Even Under 
Shorted Output Conditions. 
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Circuit Under Full Current Limit Circuit Under Short Circuit Conditions 


FIGURE 15— Operating waveforms for the PWM DC-DC converter (Figure 14) 
Upper trace - Primary current at 0. 1 A/division 
Middle trace = Pin 9 voltage at 5V /division 
Lower trace = Load current at O.SAIdivision 
Time base = Sfjsidivision 
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An Off-line Forward Converter 

For low to medium power applications, a single-ended 
flyback or forward converter with all the control on.the 
primary side of the isolation step-down transformer is 
usually the most economical solution. However there 
are two complications with this approach. The first is 
that although the control circuitry can easily be driven 
from a low-voltage winding on the power transformer, 
starting energy must be taken from the high-voltage 
rectified line where, at 170VDC, every 10mA repre- 
sents a 1.7W loss. The second complication is in 
obtaining adequate regulation of the output while still 
meeting isolation requirements from output back to 
the line. 

The SOW forward converter of Figure 1 6 offers inno- 
vative solutions to both these problems. In this circuit, 
the UC1 524A provides all the control with its operating 


drive power coming from winding N2. The low-current 
start-up characteristics of the UC1524A allow starting 
energy to be developed in C2 with only approximately 
8mA required through Ri . 

The problem of isolated feedback control is solved in 
this application by sampling the 5V output level at the 
switching frequency by means of the 2N2222 transis- 
tor and transformer T 2. With every switching cycle, 
the output voltage is transferred from N-i to N2 where 
it is peak detected to generate a primary-referenced 
signal to drive the PWM error amplifier. Diode D2 is 
used to temperature compensate for the loss in the 
rectifier, Di and the net result is better than 1% regu- 
lation with the main added cost that of a very inexpen- 
sive signal transformer. 

Some of the other features of this application include 
a duty-cycle clamp on the PWM formed by diode D3 



FIG URE 1 6 -—This 50W Off-Line Forward Converter Features Both High Efficiency and Good Regulation while Main- 
taining Input-Output Isolation. 
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and the 10k - 1 .5k divider from Vref. This method of 
clamping is more effective with the UC1524A since 
the UV lockout keeps the outputs off until the refer- 
ence, error amplifier, and oscillator are all operating 
within specification. 

Drive for the UMT13005 high-voltage switch is 
accomplished by using the emitters of the UC1 524A’s 
output transistors for turn-on and the 2N2222 in con- 
junction with the l/ifd base capacitor to provide a 
negative base voltage for rapid turn-off as described 
in Figure 10. 

The resultant drive signal is shown in Figure 17. 
Operating at 40kHz, this regulator provides an isolated 
SOW of power with an efficiency of 83%, a high degree 
of regulation, and fast overload protection. 

Conclusion 

Although there are now many new integrated circuits 
from which to choose in attempting to build more cost- 
effective power supplies, it always helps to review 
well established ideas. In the case of the UC1524A, 
updating and improving an earlier product has resulted 
in a significant advancement; providing greater per- 
formance and versatility while reducing system costs. 



at Full Load (SOW) 


FIGURE 17 — Base Current (Upper Trace) and Collector 
Current for the UMT 1 3005 of Figure 1 6 . The 
Time Base is Sfxs per Division. 
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APPLYING THE UC1840 TO PROVIDE TOTAL CONTROL 
FOR LOW COST, PRIMARY REFERENCED 
SWITCHING POWER SYSTEMS 


1 . Introduction 

There are many potential approaches to be con- 
sidered in switch mode power supply design; 
however, the contradictory requirements of 
minimum cost and compatibility with ever more 
demanding line isolation specifications make 
primary control very attractive. Application of 
the UC1 840 as a primary-side, off-line controller 
presents an extremely cost-effective approach 
to supplying isolated power from a widely vary- 
ing input line while maintaining a high degreeof 
efficiency. 

Primary control means referencing all of the 
control electronics along with the power switch- 
ing device on the input line side of an isolation 
transformer. An obvious advantage to this 
approach is the simplified interface between the 


control and power switch. This eliminates many 
of the transitions across the isolation boundary 
which significantly increase the cost of the mag- 
netics portion of the power supply’s budget. 

There are two disadvantages to primary control: 
(1) operating or at least starting, the control 
electronics from the line voltage (typically 300 
VDC), and (2) providing adequate regulation 
(which requires feedback from the secondary 
across the isolation boundary). The capability 
of the UC1840 Control IC to solve these prob- 
lems while providing all of the regulating, 
sequencing, monitoring, and protection func- 
tions referenced to the primary side, makes this 
device very attractive. 



FIGURE 1. THE OVERALL BLOCK DIAGRAM OF THE UC1840. AN INTEGRATED CIRCUIT OPTIMIZED FOR 
PRIMARY-SIDE CONTROL OF OFF-LINE SWITCHING POWER SUPPLIES 
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2 . The UC1840 Controller 

The overall block diagram of the UC1840, 
shown in Figure 1, includes the following 
features: 

(1) Fixed-frequency operation set by user- 
selected components 

(2) A variable-slope ramp generator for con- 
stant volt-second operation providing 
open-loop line regulation and minimiz- 
ing, or in some cases even eliminating, 
the need for feedback control 

(3) A drive switch for low current start-up off 
the high-voltage line 

(4) A precision reference generator with 
internal over-voltage protection 

(5) Complete under-voltage, over-voltage, 
and over-current protection including 
programmable shutdown and restart 

(6) A high-current, single-ended PWM output 
optimized for fast turn-off of an external 
power switch 


(7) Logic control for pulse-commandable or 
DC power sequencing 

For an understanding of how these individual 
blocks work together In a typical, medium- 
power, flyback power supply, reference should 
be made to Figure 2 and the functional descrip- 
tion which follows. 

3. UC1840 Functional Description 

3 . 1 Power Sequencing 

A simplified schematic of the UC1840’s internal 
power turn-on circuitry is shown in Figure 3. The 
key elements of this function are: (1) the Driver 
Bias Switch, Q3, which keeps the loading on the 
control voltage line, Vc, to a minimum during start 
up; (2) the Under-voltage Comparator which also 
functions as a Start Threshold Detector with pro- 
grammable hysteresis; and (3) an auxiliary, 
primary-referenced, low-voltage winding on the 
main power transformer which provides normal 
control power after turn-on. The sequence of 
events is as follows: 



FIGURE 2. A FULLY PROTECTED, ISOLATED FLYBACK POWER SUPPLY CAN BE IMPLEMENTED WITH THE 
UC1840, A HIGH-VOLTAGE POWER SWITCH. THE TRANSFORMER, AND A SMALL HANDFUL OF 
PASSIVE COMPONENTS. 
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FIGURE 3. THE UC1840'S START CIRCUITRY REQUIRES LOW STARTING CURRENT FROM THE DC INPUT 
LINE WITH NORMAL OPERATING CURRENT SUPPLIED FROM A LOW-VOLTAGE FEEDBACK 
WINDING ON THE POWER TRANSFORMER 


( 1 ) 


( 2 ) 


While the control voltage, Vc, is low 
enough so that the voltage on pin 2 is less 
than 3V, the Start/UV Comparator does 
the following; 

(a) A 200/iA hysteresis current is flowing 
into pin 2 through Q1 causing an 
added drop across R2. 

(b) The drive switch is holding the Driver 
Bias transistor, Q3, OFF. This 
insures that the only current required 
through R1 is the start-up current of 
the UC1840, plus external dividers 
(R2, R3, Rs, etc.). 

(c) The Slow Turn-on transistor, Q2, is 
ON, holding pin 8 and Cs low. 

(d) The Start Latch keeps the under- 
voltage signal from being defined as 
a fault. 

The start level is defined by: 


Vc (start) = 3 



+ 0.2 R2. 


When Vc rises to this level, the Start/UV 


Comparator then does the following; 

(a) Turns off 01, eliminating the 200/iA 
hysteresis current. This allows the 
voltage on Vc to drop before reach- 
ing the under-voltage fault level 
defined by; 


Vc (U.V. fault) - 3 


R2 + R3 
R3 


( b) Sets the Start Latch to monitor for an 
under-voltage fault. 

(c) Activates Q3 providing Driver Bias to 
the power switch, pulling the added 
current out of Cin. 

(d) Turns off Q2 allowing for pro- 
grammed slow turn-on defined by Rs 
and Cs. 

(3) A normal start-up occurs with the control 
voltage, Vc, following the path shown in 
Figure 4. If the power supply does not start, 
Vc will fall to an under-voltage fault which 
will then either initiate a restart attempt or 
hold the power switch off, depending upon 
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the status of the Reset terminal as defined 
under Fault Sequencing (Para. 3.4.2). If 
start-up does not occur because of some 
fault in the Driver Bias line, Vc will continue 
to rise until the 40\/ zener across the refer- 
ence circuit conducts. This will then clamp 
Vc to that level, protecting the control chip. 

After start-up occurs, current will continue to flow 

in R1 providing a power loss of: 


3.2 Slow Turn-on Circuit 
The PWM comparator input connected to pin 8 
accommodates several programming functions, 
shown in Figure 6. Since this comparator will only 
follow the lowest positive input, holding pin 8 low 
will effectively eliminate a PWM signal, regardless 
of the status of the Error Amplifier output. Prior to 
turn-on, and at all times when a fault has been 
sensed, Q1 is ON, holding pin 8 low. 


^ (Vline - Vc)2 
R1 



UV 3v WITH HYSTERESIS (START) 

REGULATED LEVEL 
FEEDBACK WINDING CONDUCTS 

I UV 3v W O HYSTERESIS (UV FAULT) 

8v CHIP INTELLIGENT 


FIGURE 4 UNDER A NORMAL TURN-ON, THE SUPPLY 
VOLTAGE TO THE UC1840, Vc, WOULD RISE 
LIGHTLY LOADED TO THE START LEVEL, FALL 
UNDER THE TURN-ON LOAD, AND THEN 
REGULATE AT SOME INTERMEDIATE LEVEL 



FIGURE 6 PIN 8 ON THE UC1840 CAN BE USED FOR BOTH 
SLOW TURN-ON AND DUTY-CYCLE LIMITING AS 
WELL AS A PWM SHUTDOWN PORT 


If this loss is objectionable, it can be reduced more 
than an order of magnitude by the addition of a 
two-transistor switch shown in Figure 5. In this 
circuit, Q1 is initially driven on by current through 
R2. When the feedback winding starts to conduct 
through D1, however, Q2 turns on leaving only R2 
conducting from the input line. 



FIGURE 5. THE ADDITION OF Q1 AND Q2 CAN ELIMINATE 
THE STEADY-STATE CURRENT THROUGH R1 
AFTER TURN-ON Q2 IS SELECTED TO PASS ALL 
CONTROL CURRENT THROUGH ITS BASE- 
EMITTER JUNCTION. 


When Q1 turns off, allowing pin 8 to rise with a 
controlled rate will cause the output pulses to 
increase from zero to nominal widths at the same 
rate. This is accomplished by the addition of Cs 
and a charging source, such as Rs, to the 5V 
reference. 

Note that where starting energy is stored in an 
input capacitor, the time for PWM turn-on must be 
less than the time required for the added Driver 
Bias load current to discharge the input capacitor 
to the under-voltage fault level. In other words, 
referring back to Figure 4, the slow turn-on must 
be faster than the time required for Vc to fall from 
level B to level E. 

Another function of pin 8 is to establish a maxi- 
mum duty cycle limit. This is achieved by clamping 
the voltage on pin 8 with a divider formed by 
adding Rdc to ground. If Rs is taken to the 5V 
reference, the clamp voltage will be fixed, which is 
desirable if the ramp slope is also fixed. If the ramp 
slope is varied with the input line— for constant 
volt-second operation— then the clamp voltage on 
pin 8 must also vary. This is readily accomplished 
by connecting Rs to the DC input line. The divider 
voltage: / v 
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FIGURE 7. THE PULSE-WIDTH MODULATOR WITHIN THE UC1840 SEPARATES THE RAMP FUNCTION 
FROM THE FIXED-FREQUENCY OSCILLATOR. 


should be equal to the ramp voltage level that 
yields the desired maximum duty cycle, at the 
same DC Input level. 

3.3 PWM Control 

Puls6-Widfh Modulation within the UC1840 con- 
sists of the blocks shown in Figure 7. This architec- 
ture, with the possible exception of the separation 
between the time-base and ramp functions, is 
fairly conventional. It is described in greater detail 
in the paragraphs which follow. 

3.3.1 Oscillator 

A constant clock frequency is established by con- 
necting Rt from pin 9 to the 5V reference and Ct 
from pin 9 to ground. The frequency is approxi- 
mated by: 


Rt Ct 

where the value of Rt can range from 1 kD to 1 0OkO 
and Ct from 300pF to 0.1//F. The best temperature 
coefficients occur with Ct in the range of 1000 to 
3000pF. Although the clock output pulse is not 
available external to the UC1840, synchronization 
to an external clock can still be accomplished with 
the circuit of Figure 8, where R1 and Cl are 
selected to provide a 0.5V, 200ns pulse across the 
51 n resistor, and Rt and Ct define a frequency 
slightly lower than the synchronizing source. 


POSITIVE 

CLOCK 



FIGURE 8. SYNCHRONIZATION TO AN EXTERNAL TIME 
BASE CAN BE ACCOMPLISHED BY ADDING A 
510 RESISTOR IN SERIES WITH CT. 


To achieve minimum start-up current, the oscilla- 
tor is not activated until the input voltage is high 
enough to give a start command to the drive 
switch. 

3.3.2. Ramp Generator 

The ramp generator function of the UC1840 Is 
shown in simplified form in Figure 9. 
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FIGURE 9. CURRENT MIRRORS Q1-Q4 ARE USED TO MAKE 
THE RAMP CHARGING CURRENT i2, LINEARLY 
PROPORTIONAL TO THE DC INPUT LINE 



FIGURE 10. THE OUTPUT OF THE ERROR AMPLIFIER 
OPERATES CLASS A TO 300/yA, BUT CAN 
SOURCE AND SINK MORE THAN 1 mA FOR FAST 
RESPONSE 


The NPN and PNP current mirrors provide a charg- 
ing current to Cr of: 

Vline - 0.7V Vline 

Rr Rr 

The current mirrors are useful over a current range 
of to 1mA, but optimum tracking occurs 
between 30/yA and 300/wA. Since the voltage across 
Q1 is very small, i2 accurately represents the input 
line voltage. The ramp slope, therefore, is: 

dv _ Vline 
dt ~ RrCr 

The peak voltage across Cr Is clamped to approxi- 
mately 4.2V while the valley, or low voltage. Is 
determined by the on-voltage of the discharge net- 
work, D1 and Q5. This is typically 0.7V. 

If line sensing is not required, Rr should be con- 
nected to the 5V reference for constant ramp 
slope. 

3.3.3 Error Amplifier 

This is a voltage-mode operational amplifier with 
an uncommitted NPN differential input stage and 
an output configuration as shown in Figure 10. 

The IkO output resistor, Ro, Is used both for short 
circuit protection and to limit the peak output vol- 
tage to less than 4.0V so it cannot rise above the 
clamped ramp waveform. At sink currents less 
than 300/iA, the low output level will be within 
200mV of ground but it rises to 1 V at higher current 
levels. 


The small signal, open-loop gain characteristics 
are shown in Figure 1 1 . The amplifier is unity-gain 
stable and has a maximum slew rate of just under 
IV/yLfS. 

3.3.4 PWM Comparator and Latch 
This comparator (see Figure 7) generates the out- 
put pulse which starts at the termination of the 
clock pulse and ends when the ramp waveform 
crosses the lowest of the three positive inputs. The 
clock forms a blanking pulse which keeps the max- 
imum duty cycle less than 100%. The PWM latch 
insures there will be only one pulse per period and 
eliminates oscillation at comparator cross-over. 



100 IK 10k 100k 1m 


The input common mode range is from IV to 
within 2V of the input supply voltage, Vin, and thus 
either input can be connected directly to the 5V 
reference. 


FREQUENCY - HERTZ 

FIGURE 11. THE UC1840 ERROR AMPLIFIER HAS A DC GAIN 
OF 67 (Jb, A 2 MEGAHERTZ BANDWIDTH, AND 
PHASE MARGIN OF APPROXIMATELY 45° 


15 
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3.3.5 PWM Output Stage 
In addition to the PWM output signal on pin 12, the 
UC1840 also includes an output gating, or arming 
function as Driver Bias on pin 14. Both functions 
should be considered together in interfacing to the 
external high-voltage power switch. These are 
illustrated in simplified form in Figure 12. 

At very low input voltages (Vin < 3V), both Q2 and 
Q4 are OFF. This may necessitate the use of R2, 
but its value can be high since it does not have to 
turn the output switch off. It merely holds it in the 
off state during the early portion of start-up. 

Between Vin = 3V and the start threshold (pin 2 = 
3V with hysteresis on), Q2 is OFF and 04 is ON, 
clamping the power switch off with a low impe- 
dance. A start command (UV high) turns on 02, 
applying (Vin - 2V) to R1. This provides a source 
for power switch activation; however, since 04 is 
still conducting, the current through R1 Is shunted 
to ground and the power switch remains held off. 

At the same time 02 turns on, the clamping transis- 
tor at the slow-start terminal, pin 8, turns off allow- 
ing the voltage on pin 8 to rise according to the 
external slow-start time constant described earlier. 
This allows PWM pulses to begin to activate 04— 
narrow at first and widening to the point where the 
error amplifier takes command. 

The interface between the UC1840 and the pri- 
mary power switch may be implemented in several 


different ways to meet varying system require- 
ments. One obvious application is when the use of 
a bipolar transistor switch requires more drive cur- 
rent than the Driver Bias output can provide. Fig- 
ure 13 shows a more typical bipolar drive scheme 
where Q5 has been added to boost the turn-on 
current with the UC1840 still providing the high- 
speed turn-off. The circuit now serves as a more 
efficient “totem-pole” driver since 05 turns off 
when 04 conducts. It also illustrates the use of a 
Baker Clamp to minimize storage time in 06 and 
the capacitors for rapid turn-on and high-current 
pulse turn-off. 



FIGURE 13. ADDING 05 AS A SWITCHED, DRIVE-BOOST 
TRANSISTOR PROVIDES ADDED BASE DRIVE 
FOR 06 WHILE REDUCING THE STEADY-STATE 
CURRENT THROUGH BOTH 02 AND Q4. 


1 

UC1840 I 



MOSFET 



FIGURE 12. INTERFACING THE UC1840 PWM OUTPUT STAGE TO EITHER BIPOLAR OR POWER MOSFET 
SWITCHES. 
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Another application is the two-transistor, off-line, 
forward converter topology shown in Figure 14. 
This circuit uses proportional base drive where the 
UC1840 need only supply a short, turn-off current 
pulse with transformer regeneration through T1 
providing the steady-state drive. The magnetizing 
current is controlled by R1, with Q5 added to 
rapidly recharge Cl from which the turn-off cur- 
rent is supplied. 



FIGURE 14 INTERFACING THE UC1840 SINGLE PWM 

OUTPUT TO A TWO-TRANSISTOR OFF-LINE 
FORWARD CONVERTER WHICH USES 
PROPORTIONAL BASE DRIVE. 


PULSE BY PULSE 
L IMITING 


CURRENT 

SHUTDOWN 


5v REF 



FIGURE 15. CURRENT LIMITING AND OVERCURRENT 
SHUTDOWN ARE IMPLEMENTED WITH 
COMPARATORS OF DIFFERENT THRESHOLDS 
AND A SINGLE CURRENT SENSE RESISTOR. 


voltage, it is activated when the voltage across Rsc 
equals that across R2. Comparator A2, with an 
offset voltage of 4(X)mV, will activate for over- 
current shutdown when the voltage across Rsc 
rises to 400m V higher than the voltage across R2. 
Since the input bias to both comparators is less 
than 5/jA, a low-pass filter for noise rejection may 
be inserted between Rsc and the sense inputs. 
Activation of comparator A2 is defined as an over- 
current fault and it triggers the Error Latch. Its 
operation follows. 


3.4 Fault Protection 

A significant benefit In using the UC1840 is the 
multi-faceted fault-sensing and programming 
capability built into the device. With the Intent to 
provide complete control to the power system 
under all types of potential malfunctions, fault- 
sensing circuitry has been included to sense over- 
voltage, under-voltage, or over-current conditions. 
Additionally, high-speed, pulse-by-pulse digital 
current limiting is included as a separate function. 
The operation of these circuits is described below. 

3.4.1 Current Limiting 

The current limit comparators have differential 
inputs for noise rejection but are intended to be 
used with ground-referenced current sensing as in 
Figure 15. Comparator A1 is delegated to pulse- 
by-pulse current limiting. The output of this com- 
parator drives the PWM comparator, where it 
activates the PWM latch, terminating each pulse 
when the current sensed by Rsc reaches a thresh- 
old defined by divider R1 , R2, and the 5V reference. 
Since Vc is intended to track the supply’s output 
voltage, the addition of a resistor from pin 6 to Vc 
will provide some foldback to the current limit 
characteristic. Since comparator A1 has zero offset 


3.4.2 Fault Sequencing 

The fault sequencing logic of the UC1840 is shown 
in Figure 16. Since a fault is defined by this device 
as an activation of the Error Latch, it makes sense 
to start here In an attempt to understand this por- 
tion of the circuitry. Setting the Error Latch Imme- 
diately turns on Q1 and Q2, discharging the 
slow-start capacitor and terminating the PWM out- 
put. Note that there is an additional path from the 
Inverted output of the Start/UV comparator 
through OR2 which keeps pin 8 low. This is to keep 
the slow-start low during initial turn-on which is 
not intended to be classified as a fault. 

The input to the Error Latch is from OR1 which 
triggers on signals resulting from four possible 
events: 

(1 ) A voltage less than 3V (after prior turn-on) 
at the Start/UV sense terminal, pin 2 

(2) A voltage greater than 3V at the Over- 
Voltage Sense terminal, pin 3 

(3) A voltage of less than 3V on the Ext. Stop 
terminal, pin 4 

(4) An over-current signal resulting In a differ- 
ential voltage between pins 7 and 6 of 
greater than 400mV 
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FIGURE 16. FAULT SEQUENCE LOGIC IS DESIGNED TO INSURE A COMPLETE SHUTDOWN AND FULLY 
CONTROLLED RESTART UPON ANY OF FOUR POSSIBLE FAULT CONDITIONS. 


Any of these inputs need only be momentary to set 
the Error Latch. Transient protection may be 
necessary to eliminate false triggering, but it can 
be readily accomplished as all the comparator 
inputs are high impedances requiring less than 
2^^A of input current, and the 3.0V reference yields 
a high noise Immunity. 

The Start Latch can be understood by recognizing 
that at initial turn-on it Is reset with a low output. 
This prevents AND2 from transmitting a UV fault 
signal from the Start/UV non-inverting output to 
the Error Latch. At the start voltage level, defined 
by a high level on the Start/UV non-inverting 
ouput, the Start Latch sets but AND2 still provides 
no output. Only when the Start/UV Input goes low 
again, with the Start Latch output held high, will 
AND2 yield an output into the Error Latch. 

The status of the Reset terminal, pin 5, determines 
what happens after the Error Latch is set. The 
choices are: 

(1 ) Latch off and require a recycle of input vol- 
tage to restart 

(2) Continuously attempt to restart 

(3) Attempt some number of restarts and then 
latch off 

(4) Latch off and await a momentary reset 
pulse to restart 

To examine the operation of the Reset Latch,- note 
that prior to setting the Error Latch, its low output 
is inverted to hold the reset input to the Reset Latch 
high. This forces the Reset Latch’s ouput low, 
regardless of the voltage on pin 5, and, thus, 
Insures no signal out of AND1. With the setting of 


the Error Latch, the Reset Latch is free to take the 
state commanded by pin 5: high if pin 5 is low and 
vice-versa. The latch allows merely a pulse to set 
the Reset Latch; the voltage on pin 5 need not be 
steady state. 

With a high Reset Latch output, the Error Latch still 
does not reset until a low signal is sensed on the 
Start/UV sense terminal. At that point, AND1 then 
resets both the Error Latch and the Start Latch, re- 
establishing the initial conditions for a normal start 
after fully charging the Input capacitor. Of course, 
if the fault is still present, when the Start/UV Input 
reaches the start level terminating the Error Latch 
reset signal, this latch will Immediately set again. 

To aid in the understanding of this logic, Figure 17 
gives a pictorial representation of its operation 
with both steady-state and momentary signals on 
both the Ext. Stop and Reset terminals. 

If Driver Bias turn-on is used to pump an Increment 
of charge Into an integrating capacitor, and that 
capacitor voltage Is applied to the Reset Terminal, 
some number of retrys could be programmed to 
take place before the Reset voltage rises to 3V, 
which would then lock the output OFF. Since 
Driver Bias continues to cycle in the latched-off 
state, the Reset terminal will remain high until it is 
either remotely pulled low or the Input voltage to 
the controller is interrupted. 

Note that an important element in any restart after 
a shutdown is the lowering of the voltage at the 
Start/UV terminal below its UV threshold. While 
this will occur normally in bootstrap-driven appli- 
cations, this device can also be used with a con- 
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stant driving voltage by externally applying a 
momentary pull-down signal to the Start/UV input 
after a fault shutdown. 

4. Conclusion 

With the UC1840, power supply designers now 
have a device specifically developed for off-line, 
primary control and one which has addressed the 
problems of operation under less than “Ideal” or 
normal conditions. Not only does this device make 
It easier to comply with stringent isolation require- 
ments by requiring a minimum of communication 
between primary and secondary, but it is also 
ideally suited for powering systems in remote loca- 
tions where only a simple transmitted pulse is 
available for power sequencing. 





"ijin mm rai 



TIME ► 


NOTE 1 VC REPRESENTS AN ANALOG OF THE SUPPLY OUTPUT VOLTAGE 
GENERATED BY A PRIMARY-REFERENCED SECONDARY WINDING 
ON THE POWER TRANSFORMER IT IS THE VOLTAGE MONITORED 
BY THE START/UV COMPARATOR AND, IN MOST CASES, IS THE 
SUPPLY VOLTAGE, ViN, FOR THE UC1840 


TIME EVENT 

A INITIAL TURN-ON Vc RISES WITH LIGHT LOAD 

B START THRESHOLD DRIVER BIAS LOADS Vc 

C OPERATING PWM REGULATES Vc 

D STOP INPUT SETS ERROR LATCH TURNING OFF PWM 

E UV LOW THRESHOLD ERROR LATCH REMAINS SET 

F START TURNS ON DRIVER BIAS BUT ERROR LATCH STILL SET 

G Vc AND DRIVER BIAS CONTINUE TO CYCLE 

H 

I STOP COMMAND REMOVED 

J ERROR LATCH RESET AT UV LOW THRESHOLD 

K START THRESHOLD NOW REMOVES SLOW-START CLAMP 

L RETURN TO NORMAL RUN STATE 

M RESET LATCH SET SIGNAL REMOVED 

N ERROR LATCH SET WITH MOMENTARY FAULT 

O ERROR LATCH DOES NOT RESET AS RESET LATCH IS RESET 

P Vc AND DRIVER BIAS RECYCLE WITH NO TURN-ON 

Q 

R RESET LATCH IS SET WITH MOMENTARY RESET SIGNAL 

S Vc MUST COMPLETE CYCLE TO TURN ON 

T START AND ERROR LATCHES RESET 

U NORMAL START INITIATED 

V RETURN TO NORMAL RUN STATE 


FIGURE 17. THE INTERRELATIONSHIP BETWEEN THE 
FUNCTIONS CONTROLLED BY THE FAULT 
SEQUENCE LOGIC IS ILLUSTRATED WITH BOTH 
STATIC AND PULSE COMMANDS ON THE EXT. 
STOP AND RESET TERMINALS. 
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A NEW INTEGRATED CIRCUIT FOR 
CURRENT-MODE CONTROL 


Abstract 

The inherent advantages of current- mode control over conventional PWM approaches to switching power 
converters read like a wish list from a frustrated power supply design engineer. Features such as automatic feed 
forward, automatic symmetry correction, inherent current limiting, simple loop compensation, enhanced load 
response, and the capability for parallel operation all are characteristics of current-mode conversion. This paper 
introduces the first control integrated circuit specifically designed for this topology, defines its operation and 
describes practical examples illustrating its use and benefits. 


10 Introduction 

Over the past several years an increased interest in 
current-mode control of switching inverters has 
surfaced in the literature. Originally invented in the 
late 1 960s, this scheme was not publicly reported 
until 1977^^‘ and has seen rapid development by 
many authors to date.^^“®’ In short, current-mode 
control uses an inner or secondary loop to directly 
control peak inductor current with the error signal 
rather than controlling duty ratio of the pulse width 
modulator as in conventional converters. Practi- 
cally, this means that instead of comparing the error 
voltage to a voltage ramp, it is compared to an 
analogue of the inductor current forcing the peak 
current to follow the error voltage. 



CLOCK 1-..,- I ■■1,.,, 

Ijl/l/L 

O^UTPUT -TLTLTL 

FIGURE 1. A FIXED FREQUENCY CURRENT-MODE CONTROLLED 
REGULATOR. 


Figure 1 illustrates a simplified block diagram of a 
fixed frequency buck regulator employing current- 
mode control. As shown, the error signal, Ve, is 
controlling peak switch current which, to a good 
approximation, is proportional to average inductor 
current. Since the average inductor current can 
change only if the error signal changes, the inductor 
may be replaced by a current source, and the order 
of the system reduced by one. This results in a 
number of performance advantages including 
improved transient response, a simpler, more easily 
designed control loop, and line regulation compara- 
ble to conventional feed-forward schemes. Peak 
current sensing will automatically provide flux 
balancing thereby eliminating the need for complex 
balance schemes in push-pull systems. Addition- 
ally, by simply limiting the peak swing of the error 
voltage Ve, instantaneous peak current limiting is 
accomplished. Lastly, by feeding identical power 
stages with a common error signal, outputs may be 
paralleled while maintaining equal current sharing. 

Although the advantages of current-mode control 
are abundant, wide acceptance of this technique 
has been hampered by a lack of suitable integrated 
circuits to perform the associated control functions. 
This paper introduces a new integrated circuit 
designed specifically for control of current-mode 
converters. Circuit function and features are des- 
cribed in detail, and a comparative design example 
is used to illustrate the numerous advantages of this 
approach. 

2 0 UC1846 Chip Architecture 

In addition to all the functions required of conven- 
tional PWM controllers, a current-mode controller 


UNITRODE CORPORATION • 5 FORBES ROAD 
LEXINGTON. MA 02173 • TEL. (617) 861-6540 
TWX (710) 326-6509 • TELEX 95-1064 


15-170 


PRINTED IN U S A 





APPLICATION NOTE 


U-93 



FIGURE 2 UC1 846 BLOCK DIAGRAM 


must be able to sense switch or inductor current 
and compare it on a pulse-by-pulse basis with the 
output of the error amplifier. As may be seen in the 
block diagram of Figure 2, this is accomplished in 
the UC1846 by using a differential current sense 
amplifier with a fixed gain of 3. The amplifier allows 
sensing of low level voltages while maintaining high 
noise immunity. A list of other features, while not 
unique to current-mode conversion, demonstrates 
the advanced, state-of-the-art architecture of the 
UC1846; 

• A ± 1%, 5.1V trimmed bandgap reference used 
both as an external voltage reference and inter- 
nal regulated power source to drive low level 
circuitry. 

• A fixed frequency sawtooth oscillator with varia- 
ble deadtime control and external synchroniza- 
tion capability. Circuitry features an all NPN 
design capable of producing low distortion 
waveforms well in excess of 1 MHz . 

• An error amplifier with common mode range from 
ground to Vcc-2V. 

• Current limiting through clamping of the error 
signal at a user-programmed level. 

• A shutdown function with built in 350mV thresh- 
old. May be used in either a latching, or non- 
latching mode. Also capable of initiating a 
“hiccup” mode of operation. 


15-171 


• Under-voltage lockout with hysteresis to guaran- 
tee outputs will stay “off” until reference is in 
regulation. 

• Double pulse suppression logic to eliminate the 
possibility of consecutively pulsing either output. 

• Totem pole output stages capable of sinking or 
sourcing 1 00mA continuous, 400mA peak 
currents. 

These various features, along with their interrela- 
tionships and applications to switched-mode regu- 
lators, will be further discussed in the following 
sections. 

3.0 UC1846 Functional Description 

3.1 Current Sense Annplifier 
The current sense amplifier may be used in a var- 
iety of ways to sense peak switch current for com- 
parison with an error voltage, Referring to Figure 2, 
maximum swing on the inverting input of the PWM 
comparator is limited to approximately 3.5V by the 
internal regulated supply. Accordingly, for a fixed 
gain of 3, maximum differential voltages must be 
kept below 1 .2V at the current sense inputs. Figure 3 
depicts several methods of configuring sense 
schemes. Direct resistive sensing is simplest, how- 
ever, a lower peak voltage may be required to min- 
imize power loss in the sense resistor. Transformer 
coupling can provide isolation and increase effi- 
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ciency at the cost of added complexity. Regardless 
of scheme, the largest sense voltage consistent 
with low power losses should be chosen for noise 
immunity. Typically, this will range from several 
hundred millivolts in some resistive sense circuits to 
the maximum of 1 .2V in transformer coupled 
circuits. 



A ) RESISTIVE SENSING WITH GROUND REFERENCE 


OUTPUT r ^SENSE 



CURRENT 

XFORMER 



FIGURE 3. VARIOUS CURRENT SENSE SCHEMES 

In addition, caution should be exercised when using 
a configuration that senses switch current (Figure 
3A) instead of inductor current (Figure 3B). As the 
switch is turned on, a large instantaneous current 
spike can be generated in the sense resistor as the 
collector capacitance of the switch is discharged. 
This spike will often be of sufficient magnitude and 
duration to trip the current sense latch and result in 
erratic operation of the PWM circuit, particularly at 
lower duty cycles. A small RC filter (Figure 4) in 


series with the input is generally all that is required 
to reduce the spike to an acceptable level. 



FIGURE 4. RC FILTER FOR REDUCING SWITCH TRANSIENTS 

3.2 Oscillator 

Although many data sheets tout 300 to 500kHz 
operation, virtually all PWM control chips suffer from 
both poor temperature characteristics and wave- 
form distortions at these frequencies. Practical 
usage is generally limited to the 100 to 200kHz 
range. This is a direct consequence of having slow 
(ft = 2MHz) PNP transistors in the oscillator signal 
path. By implementing the oscillator using all NPN 
transistors, the UC1 846 achieves excellent temper- 
ature stabillity and waveform clarity at frequencies 
in excess of 1MHz. 



SYNC 

(PIN 10) ' ' ' ' ' 

—^1 I—— OUTPUT DEADTIME (r<,) 


FIGURE 5. OSCILLATOR CIRCUIT 

Referring to Figure 5, an external resistor Rt is used 
to generate a constant current into a capacitor Cjto 
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produce a linear sawtooth waveform. Oscillator fre- 
quency may be approximated by selecting Rt and 
Ct such that; 

2.2 

f OSC “ 

Rt Ct (1 ) 

Where Rt can range from 1 K to 500K and Ct is 
above 100pF. For quick reference a plot of fre- 
quency versus Rt and Ct is given in Figure 6. 



FIGURE 6. OSCILLATOR FREQUENCY AS A FUNCTION OF 
Rt and Ct 

Again referring to Figure 5, the oscillator generates 
an internal clock pulse used, among other things, to 
blank both outputs and prevent simultaneous cross 
conduction during switching transitions. This output 
“deadtime” is controlled by the oscillator fall time. 
Fall time, in turn, is controlled by Ct according to the 
formula; 


rd = 145 Ct 


12 

12-3.6/RT(kQ) 


For large values of Rt; 


rd = 145 Ct 


( 2 ) 

(3) 








- 5 ^ 







0.1 1,0 10 100 


OUTPUT DEAD TIME, - MICROSECONDS 


FIGURE 7. OUTPUT DEADTIME AS A FUNCTION OF TIMING 
CAPACITOR Ct 


A plot of output deadtime versus Ct for two values of 
Rt is given in Figure 7. 

Although timing capacitors as small as lOOpF can 
be used successfully in low noise environments, it is 
generally recommended that Ct be kept above 
lOOOpF to minimize noise effects on the oscillator 
frequency (see Section 4.0). 

Synchronization of one or more devices to either an 
external time base or another UC1 846 is accomp- 
lished via the bi-directional SYNC pin. To synchron- 
ize devices, first, Ct must be grounded to disable the 
internal oscillator on all slaved devices. Second, an 
external synchronization pulse must be applied to 
the SYNC terminal. This pulse can come directly 
from the SYNC terminal of a master UC1846 or, 
alternatively, from an external time base as shown 
in Figure 8. 



TIMEBASeU^ C mos OR 
TTL GATE 




— i 1-OV 


FIGURE 8. SYNCHRONIZING THE 1846 TO AN EXTERNAL 
TIME BASE 

3.3 Current Limit 

One of the most attractive features of a current- 
mode converter is its ability to limit peak switch 
currents on a pulse-by-pulse basis by simply limit- 
ing the error voltage to a maximum value. Referring 
to Figure 9, peak current limiting in the UC1846 is 
accomplished using a divider network, Ri and R 2 , to 
set a pre-determined voltage at pin 1 . 



FIGURE 9. PEAK CURRENT LIMIT SET UP 
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This voltage, in conjunction with Qi, acts to clamp 
the output of the error amplifier at a maximum value. 
Since the base emitter drop of Qi and the forward 
drop of diode Di very nearly cancel, the negative 
input of the comparator will be clamped atthe value 
VpiN 1 "O.SV. Following this through to the input of 
the current sense amplifier yields; 

VpiN 1 ”0.5 


Where Vcs is the differential input voltage of the 
current sense amplifier. Using this relationship, a 
value for maximum switch current in terms of exter- 
nal programming resistors can be derived, resulting 
in: 

R2 (Vref) -0.5 

Ri + R2 

3R^ (5) 

While still on the subject of resistor selection, it 
should be pointed out that Ri also supplies holding 
current for the shutdown circuit, and therefore 
should be selected prior to selecting R 2 as outlined 
in the next section. 


One last word on the current limit circuit. As may be 
seen from equation 5, any signal less than 0.5V at 
the current limit input will guarantee both outputs to 
be off, making pin 1 a convenient point for both 
shutting down and slow starting the PWM circuit. 
For example, both the under-voltage lockout and 
shutdown functions are connected internally to this 
point. If a capacitor is used to hold pin 1 low (Figure 
1 0 ) then as the input voltage increases above the 
under-voltage lockout level, the capacitor will 
charge and gradually increase the PWM duty cycle 
to its operating point. In a similar manner if the 
shutdown amplifier is pulsed, the shutdown SCR will 
be fired and the capacitor discharged, guarantee- 
ing a shutdown and soft restart cycle independent 
of input pulse width. 



FIGURE 10. USING UNDER-VOLTAGE LOCKOUT AND SHUTDOWN 
TO INITIATE A SLOW START. 


3.4 Shutdown 

The shutdown circuit, shown in Figure 1 1 , was 
designed to provide a fast acting general purpose 
shutdown port for use in implementing both protec- 
tion circuitry and remote shutdown functions. The 
circuit may be divided into an input section consist- 
ing of a comparator with a 350mV temperature 
compensated offset, and an output section consist- 
ing of a three transistor latch. Shutdown is accomp- 
lished by applying a signal greater than 350mV to 
pin 16, causing the output latch to fire, and setting 
the PWM latch to provide an immediate signal to the 
outputs. At this point, several things can happen. Qi 
requires a minimum holding current, 1h, of approxi- 
mately 1 .5mA to remain in the latched state. There- 
fore, if Ri is chosen greater than 5kQ, Qi will 
discharge any capacitance, Cs, on pin 1 to ground 
and commutate the output latch, allowing Cs to 
recharge. If Ri is chosen less than 2.5kQ, Qi will 
discharge Cs and remain in the latched state until 
power is externally cycled off. In either case, Cs is 
required only if a soft-start or soft-restart function is 
desired. 




FIGURE 11. SHUTDOWN CIRCUITRY 


For example, the shutdown circuit of Figure 12, 
operating in a nonlatched mode, will protect the 
supply from overcurrent fault conditions. Many 
times, if the output of a supply is shorted, circulating 
currents in the output inductor will build to danger- 
ous levels. Pulse-by-pulse current limiting with its 
inherent time delay, will in general not be able to 
limit these currents to acceptable levels. Figure 1 2 
details a circuit which will provide shutdown and 
soft-restart if the overcurrent threshold set by R 3 
and R 4 is exceeded. This level should be greater 
than the peak current limit value determined by Ri 
and R 2 (see equation 5). Sometimes called a “hic- 
cup mode’’, this overcurrent function will limit both 
power and peak current in the output stages until 
the fault is removed. 
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FIGURE 12. OVER CURRENT SENSING WITH THE SHUTDOWN 

CIRCUIT PRODUCES A SHUTDOWN - SOFT RESTART 
CYCLE TO PROTECT OUTPUT DRIVERS 


4 0 Noise Immunity 

As in all PWM circuits, some simple precautions 
should be observed to prevent switching noise from 
prematurely triggering the oscillator as it 
approaches its upper threshold. This is most evi- 
dent when large capacitive loads — such as the 
gates of power FETS — are directly driven from 
outputs A and B. As the duty cycle approaches 
1 00%, the current spike associated with this output 
capacitance can cause the oscillator to prema- 
turely trigger with a resulting shift upward in fre- 
quency. By separating high current ground paths 
from low level analog grounds, using Ct values 
greater than lOOOpF grounded directly to pin 12, 
and decoupling both Vin and Vref with good quality 
bypass capacitors, noise problems can be avoided. 

5.0 Comparative Design Exampie 

To more vividly illustrate the advantages of current- 
mode control, a relatively simple push-pull forward 
converter was designed using two interchangeable 
control sections, as shown in Figure 1 3. The control 
modules consist of (a) a UC1846 current-mode 
controller with associated circuitry, and (b) a con- 
ventional UC1 525A PWM controller with its support 
circuitry. Loop compensation of the UC1 525A was 
implemented by placing a zero in the feedback loop 
to cancel one of the poles in the output stage, 
resulting in a unity gain bandwidth of approximately 
3kHz — a commonly used technique. Compensat- 
ing the current-mode converter requires somewhat 
of a different approach. Since the output stage con- 
tains only a single pole, in theory closing the loop 
will produce a stable system with no additional 
compensation. In practice, however, it has been 
shown that subharmonic oscillation will result from 
excess gain at half the switching frequency^®\ 
Therefore, a pole-zero combination has been 


placed in the feedback loop to reduce high fre- 
quency gain and allow the output capacitor (low 
ESR) to roll off loop gain to OdB at 3kHz. 

While not demonstrated in Figure 13, fixed fre- 
quency current-mode converters are known to be 
unstable above 50% duty cycle without some form 
of slope compensation*'^"®^ By injecting a small cur- 
rent from the sawtooth oscillator into the positive 
terminal of the current sense amplifier, slope com- 
pensation is accomplished, and the converter can 
be operated in excess of 50% duty cycle. An alter- 
nate, but just as effective, scheme would be to inject 
the signal into the negative terminal of the error 
amplifier. 

As may be seen, a similar parts count for both 
supplies was encountered. T opologically, using the 
UC1 525A shutdown terminal provided only a crude 
current limit in contrast to the UC1846. Further- 
more, internal double pulse suppression circuitry of 
the UC1846 gave an added level of protection 
against core saturation — important if your regula- 
tor is prone to subharmonic oscillations. Since both 
regulators were over-designed to withstand a short 
circuit on the output with resultant high peak cur- 
rents, the shutdown-restart mode of the UC1846 
was not used. 

It should be pointed out at this time that one of the 
main features of a current-mode converter of this 
type is its ability to be paralleled with similar units. 
By disabling the oscillator and error amplifiers (Ct 
grounded, +E/A to Vref, -E/A grounded) of one or 
more slave modules, and connecting SYNC and 
COMP pins of the slave(s) respectively, the outputs 
may be connected together to provide a modular 
approach to power supply design. 

Starting with Figure 14, a comparison of line and 
load step responses is made between the two con- 
verters. As a result of the feed-forward effect of the 
current-mode converter, response to a step Input 
change shows more than an order of magnitude 
improvement (Figure 14a) when compared to the 
conventional converter (Figure 14b). Although not 
as pronounced, response to a step load change 
leaves the UC1846 converter (Figure 15) with a 
clear advantage in output response — 40mV as 
compared to 70mV for the UC1525A. 

Virtually all conventional push-pull converters are 
prone to flux imbalance caused by mismatched 
storage delays, etc., in the output stage. Figure 1 6 
shows both converters operating with the same 
power stage. No effort was made to match output 
devices. As may be seen, there is little noticeable 
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difference between switch currents of the UC1846. 
However, the UC1525A — with identical output 


transistors — shows phase B driving the core close 
to saturation with 50% more current than phase A. 
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(B) UC1525A VOLTAGE MODE CONTROLLER 


FIGURE 13, PUSH-PULL FORWARD CONVERTER WITH (A) CURRENT-MODE CONTROL AND (B) VOLTAGE MODE CONTROL 



t = 2ms/DIV 
OUTPUT ► 
RESPONSE 
50mV/DIV 


(A) 


(B) 


FIGURE 14. RESPONSE TO A STEP INPUT CHANGE OF 25 TO 35V BY (A) UC1846 and (B) UC1525A CONVERTERS 
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t = 0.2ms/DlV 
OUTPUT ► 
RESPONSE 
20mV/DIV 


(A) (B) 

FIGURE 15. RESPONSIVE TO A STEP LOAD CHANGE OF 1 AMP BY (A) UC1846 AND (B) UC1525A CONVERTERS 




FIGURE 16. SWITCH CURRENTS SHOWING FLUX IMBALANCE IN (A) UC1846 AND (B) UC1525A CONVERTERS 


t = 5iUs/DIV 
^ SWITCH ► 
CURRENTS 
(0.2A/DIV) 



6.0 Conclusion 

Rarely do new design techniques evolve that can 
promise as much as current-mode control for the 
power supply engineer. We have shown this to be a 
simple technique easily extended from present 
converter topologies, that will increase dynamic 
performance and provide a higher degree of relia- 
bility while permitting new approaches to modular 


design. Until recently, current-mode converters 
could not compete with the economics of conven- 
tional converters designed with I.C. controllers. 
Now, with the UC1 846 designed specifically for this 
task, current-mode control can provide all of the 
above performance advantages on a cost competi- 
tive basis. 
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THE UC1901 SIMPLIFIES THE PROBLEM OF ISOLATED 
FEEDBACK IN SWITCHING REGULATORS 


1. Introduction 

The UC1901 simplifies the task of closing the 
feedback loop in isolated, primary-side control, 
switching regulators by combining a precision 
reference and error amplifier with a complete 
amplitude modulation system. Using the IC’s 
amplitude modulated output, loop error signals can 
be transformer coupled across high voltage isola- 
tion boundaries, providing stable and repeatable 
closed-loop characteristics. Coupling across an 
isolation boundary is nothing new in transformer 
technology, and the UC1901’s ability to generate 
carrier frequencies of up to 5MHz keeps the trans- 
former size and cost at a minimum. With a second- 
ary reference and accurate coupling path for the 
feedback signal, isolated off-line supplies can 
reliably achieve the tolerances, regulation, and tran- 
sient performance of their non-isolated counter 
parts and still take advantage of the benefits of 
primary-side control. 

Closing a feedback loop In a simple or complex 
system requires a thorough understanding of all 
of the loop elements. Worse case variations of 
each element must be taken into account when 
loop stability, dynamic response, and operating 
point are determined. Unpredictability in any of the 
loop components will affect the overall design by 
making it, necessarily, more conservative. Thetrans- 
ient response of a control loop, for example, will 
usually suffer if a loop must be heavily compensated 
to guarantee stability with component variations. 

To obtain high levels of load and line regulation, the 
output voltage of a power supply must be sensed 
and compared to an accurate reference voltage. 
Any error voltage must be amplified and fed back to 
the supply’s control circuitry where the sensed error 
can be corrected. In an isolated supply, the control 
circuitry is frequently located on the primary, or 
line, side of the supply. As shown in Figure 1 , the 
feedback signal In this type of supply must cross 
the isolation boundary. Coupling this signal requires 
an element that will withstand the isolation poten- 
tials and still transfer the loop error signal. Though 
some significant drawbacks to their use exist, optical 
couplers are widely used for this function due to 
their ability to couple DC signals. Primarily, opto- 
couplers suffer from poor Initial tolerance and sta- 


bility. The gain, or current transfer ratio, through an 
opto-coupler is loosely specified and changes as a 
function of time and temperature. This variation will 
directly affect the overall loop gain of the system, 
making loop analysis more difficult and the resulting 
design more conservative. In addition, limited band- 
width capability prevents the use of optical couplers 
when an extended loop response is required. 

I VOLTAGE 

I ISOLATION BOUNDARY 

|/ 

I 


PRIMARY TOWER I SECONDARY 



FIGURE 1: A Typical Closed-Loop Isolated Power Supply 
With Primary-Side Control. 


With reliability firmly situated as an important aspect 
of electrical design, the benefits of primary-side 
control are increasingly attractive in off-line designs. 
The organization of an off-line switcher with primary- 
side control (See Figure 1 ) puts the control function 
on the same side of the isolation boundary as the 
switching elements. Not only does this simplify the 
interface between the controller and switches. It 
makes the protection of these switches much easier. 
Sensing of the switch currents and voltage can 
avoid failures and improve over-all supply perform- 
ance. The argument for primary-side control has 
been further strengthened by the introduction of a 
new generation of control IC’s. The controllers incor- 
porate such features as low current start-up, high 
speed current sensing for pulse-by-pulse current 
limiting, and voltage feed-forward. Low current 
start-up alleviates the problem of efficiently sup- 
plying power to a line-side controller, while fast 
current limit circuitry and voltage feed-forward take 
advantage of the proximity of a primary-side con- 
troller to both the power switch(es) and the input 
supply voltage. 


Combining all of the necessary functions to generate 
an AM feedback signal on the UC1901 make it the 
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first 1C of its type. As will be seen, the UC1 901 can 
be used in several modes to take full advantage of 
its functions. Recognizing the continuing evolution 
of power converter technology the UC1901 is 
intended to simplify the design of a new era of 
reliable and higher performance power converters. 

2. TheUC1901 Functions 

The operation of the UC1 901 is best undestood by 
considering a typical application. In Figure 2, the 
UC1 901 Is shown providing the feedback signal to 
close the loop in an isolated switching power supply. 
With any feedback system it is desirable to compare 
the system output to the system reference with a 
minimum of intermediate circuitry. With the UC1 901 
situated on the secondary, or output side of the 
supply, the output voltage is simply divided down 
and compared to the 1 .5V reference using the chip’s 
high gain error amplifier. In this manner DC errors at 
the supply output are kept minimal even if signifi- 
cant non-linearities, or offsets, occur in the remain- 
der of the power supply loop. Since the 1 .5V output 
on the UC1901 is a trimmed, precision, reference, 
the need for a trim-pot to fine tune the output 
voltage is eliminated. 

To make the UC1 901 compatible with single output 
5V power supplies It is designed . to operate with 
input voltages as low as 4.5V. This allows the part to 
be powered directly from a TTL compatible 5V 
output. A nominal supply current of only 5mA allows 
the part to be easily operated at Its maximum input 
voltage rating of 40V without worry of excessive 
power dissipation. 


The amplified error signal at the UC1901’s com- 
pensation output is internally inverted and applied 
to the modulator. The other input to the modulator is 
the carrier signal from the oscillator. The modulator 
combines these two signals to produce a square 
wave output signal with an amplitude that is directly 
proportional to the error signal and whose frequency 
is that of the oscillator input. This output is buffered 
and applied to the coupling transformer. With the 
internal oscillator, carrier frequencies into the mega- 
hertz range can be generated. Operating at high 
frequencies can reduce both the size and cost of 
the coupling transformer. The secondary winding on 
the coupling transformer drives a diode-capacitor 
peak detector. With a simple resistive load to allow 
discharging of the holding capacitor an effective 
amplitude demodulator is formed. The small signal 
voltage gain from the error amplifier input to the 
detector output is a function of the feedback net- 
work around the error-amp, the modulator gain, the 
turns ratio of coupling transformer, and any loss in 
the demodulator. 

In Figure 2 the relationship of the detector output to 
the sense supply voltage is non-inverting. This is 
necessary to guarantee start-up of the supply. Since 
the UC1 901 , as shown, is powered from the supply’s 
output, the initial feedback signal back to the PWM 
controller will always be zero. The required 1 80° of 
DC phase shift is easily achieved by inverting the 
signal with the error amplifier that is present In most 
any PWM controller circuit. 

In some applications It may be desirable to operate 
the carrier frequency of the UC1 901 in synchroni- 



F^GURE 2: With a Precision Reference, and a Complete Amplitude Modulation System, the UC1901 Lets Isolated 
Feedback Loops be Closed Using a Small Signal Transformer. 
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FIGURE 3: The Compensation Output on the UC1901 can be used to Accurately Control the AM Waveform Output 
A Simplified Schematic, (a) Shows the internal Signal Split into the Modulator. Voltage Waveforms, (b) Across 
the Modulator Outputs, and at the Compensation Output show the Modulator Transfer Characteristic. 


zation with a system clock, or reference frequency. 
In many situations, operation of the UC1901 at 
the switching frequency of the power supply can be 
beneficial. One such application is presented in 
this article. To accommodate this need the UC1 901 
has an external clock input. 

One additional mode of operation is possible if the 
oscillator is left disabled and the external clock 
signal is kept low (or floated). In this condition the 
error amplifier can be used in a linear fashion with 
Its output taken at the driver A output. The driver B 
output will be at a fixed DC voltage about 1 .4V from 
the Input supply voltage. If the external clock signal 
Is tied high the roles of the two driver outputs are 
reversed. With 15mA of output current capacity, 
the two outputs can easily be combined to reference 
and drive an optical coupler. Although the instabilities 
of the coupler will still be present, the advantages of 
the UC1 901 ’s precision reference, high gain ampli- 
fier-driver, and 4.5V supply operation can be utilized. 

3. A Controlled Feedback Response 

There are many different topologies which can be 
used when implementing a switching power supply. 
For off-line supplies, fly-back and forward convert- 



3B 


ers are often designed. In the near future current- 
mode control versions of these may also be widely 
used. Each of these converter topologies has a 
different forward transfer characteristic and, within 
each type of converter, operating point, continuous 
or discontinuous Inductor current, and voltage or 
current-mode duty cycle control are a few of the 
factors which can alter this characteristic. In short, 
the task of optimally designing a feedback network 
for one supply must usually be repeated when the 
next supply is designed. 
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Once the forward transfer function of a particular 
converter has been determined, various factors 
such as stability, line regulation, load regulation, 
and transient response will determine the overall 
loop response, and therefore feedback response, 
required. One of the objectives of the UC1901, in 
addition to allowing a controlled isolated feedback 
response, is to make the task of implementing a 
given response as easy as possible. With the com- 
pensation node on the UC1 901 , local R-C feedback 
networks can be used to shape the small signal 
gain and phase frequency response of the overall 
feedback network. 


The error amplifier on the chip has a typical open 
loop gain of 60dB and is internally compensated to 
have a unity gain bandwidth of just above 1MHz. 
Both of these characteristics are measured with 
respect to the compensation node (Pini 2). As shown 
in Figure 3a, the amplified error signal is internally 
split, at the collectors of Qi and Qg, and fed to both 
the modulator and the compensation output. Apply- 
ing feedback from the compensation output to the 
error amplifier’s Inverting input controls the small 
signal collector current through Q^. Since Q2 
sees the same base voltage, and its emitter resist- 
ance Is the same, its collector current will track that 
of Qi. The collector current of Qg feeds the modu- 
lator and determines the amplitude of its output 
signal. The 4-to-1 ratio of resistors R4 (or R5) 
and R2 results in a fixed 1 2dB of small signal gain 
measured as the ratio of the amplitude of the differ- 
ential signal at the modulator outputs to the com- 
pensation mode signal. This relationship, as well as 
the function of the modulator, is shown in Figure 3b. 
The scope traces show a 200mV peak to peak sinu- 
soid at 2.5kHz, measured at the compensation 
output, and the resulting SOOmV variations in the 
peak amplitude of a 25kHz square wave carrier as 
measured across the modulator’s differential output. 


The remaining factors influencing the response of 
the feedback path are the signal gain through the 
transformer, the detector circuit, and the circuitry 
between the detector output and the supply’s PWM. 
The signal gain through the transformer is simply 
the turns ratio of transformer. The small signal 
detector gain can usually be assumed to be unity 
as long as the AC load presented to the detector Is 
kept small. Some load on the detector is necessary 
to allow its output to slew In a negative direction. 
Figure 4 summarizes the transfer and output char- 
acteristics of a typical transformer and detector. 



FIGURE 4: A Typical Detector Model and its Output 
Characteristics. 

Here the load on the detector is modeled as a 
current source, simplifying the equations. In actual 
practice the operating point of the detector output 
will be determined by the circuitry which Inter- 
faces it with the PWM input. Since the minimum 
recovery from the detector is zero volts a nominal 
positive operating level which provides adequate 
dynamic range for DC and transient conditions 
should be chosen. 


The UC1901 Is specified to generate maximum 
carrier levels equal to or in excess of 1 .6V peak. 
This indicates that a turns ratio of greater than 
one-to-one will be required for the coupling trans- 
former if the detector output must exceed approxi- 
mately IV, (allowing for a detector diode drop of 
0.6V). It should be noted that many switching power 
supplies now being designed include an integrated 
PWM control 1C. A typical PWM 1C Includes a dedi- 
cated error amplifier which amplifies and buffers 
the input error voltage and applies it to the PWM 
ramp comparator. This amplifier can be readily used 
to fix a nominal detector operating point that is 
compatible with a one-to-one transformer. Addition- 
ally, the error amplifier on the UC1901 and the 
PWM’s amplifier can be combined to achieve both 
large DC loop gains for improved load and line 
regulation, and the optimization of the loop gain 
and phase frequency response for improved tran- 
sient and stability performance. 


4. Transformer Requirements 

The coupling transformer used with the UC1901 
has two primary requirements. First, it must provide 
DC isolation. Secondly, it should transfer voltage 
information across the isolation boundary. Meeting 
the first requirement of DC Isolation will depend on 
specific applications. In general, though, small signal 
transformers can be readily built to meet the isola- 
tion requirements of today’s line-operated systems. 
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For the most stringent applications, E-type cores 
with bobbin carried windings are inexpensively 
available or built. Where small size is most important, 
a simple toroid core can be used. 

The second requirement of the transformer prima- 
rily determines the amount of magnetizing induct- 
ance it must have. The magnetizing inductance of a 
transformer refers to the actual inductance formed 
by the windings around the core material. In many 
classical transformer examples, the magnetizing 
inductance is ignored. This is a valid approximation 
since, in these examples, the magnetizing current 
required is much less than the reflected load 
currents. In this case, the load currents are small 
and, as the transformer inductance is reduced, the 
magnetizing currents become dominant. 


The driver outputs on the UC1901 are emitter fol- 
lowers which are biased at 700/uA. Therefore, if the 
drivers are operated without additional bias current 
the peak current through the transformer’s primary 
winding cannot exceed this value. Figure 5a illus- 
trates the relationship of the magnetizing current to 
the voltage across the transformer’s input. If the 
reflected load currents are neglected, it can be 
seen that the minimum magnetizing inductance 
required for linear transfer of the modulator square- 
wave is given by: 


( 1 ) 




Vp 

4fclp 


Where; 

Vp 


the magnetizing inductance, 
the peak carrier voltage across 
transformer inputs, 
the UC1 901 operating frequen- 
cy, 

the bias current of the UC1 901 
drivers. 


As an example, consider the case where Vp is 
equal to 2V, f^ is 1 0OkHz, and the drivers are operat- 
ing at their internal bias levels. Using equation 1 , 
the inductance looking into the primary winding 
with no secondary load must be greater than 7.1 mH. 
Alternatively, if the carrier frequency is raised to 
1 MHz and the bias levels of the UC1 901 drivers are 
increased to 3.5mA, then Lm can be as low as 
1 50;uH. Using high permeability ferrite material, this 
level of magnetizing Inductance can be realized with 
as little as 1 0 turns on a small toroid core. 


Equation 1 sets a minimum limit on the magnetizing 
inductance for linear transfer of the carrier wave- 



FtGURE 5: The UC1901 Driver Outputs Follow the Mod- 
ulator Output Square Wave, (a.), Sourcing 
and Sinking Current Levels Dependent on 
Transformer Inductance, Carrier Frequency, 
and Voltage Level. When the Bias Level of the 
Driver Outputs, Ip, is Reached, (b.), a Tri-state 
Waveform is Coupled Across the Transformer, 
the Peak Voltage Level Though, Remains Ap- 
proximately the Same. The Reflected Load 
Currents are Assumed Negligible. 

form. Actually, the amplitude Information Is still 
coupled even when the inductance Is less than this 
minimum. In this case, the UC1901 drivers will 
support the voltage across the coil until the peak 
current is reached. The result, illustrated in Figure 
5b, is a tri-state waveform at the transformer’s Input 
and output. Peak detection of this waveform yields 
the same amplitude Information as the linear trans- 
fer case, although detection ripple will increase. 
Another situation which results in a tri-state wave- 
form exists when the carrier duty cycle is not 50%. 
In this case, the volt-seconds across the transformer 
will be balanced by an “imbalancing” of the driver 
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bias levels. The imbalance will be sufficient to cause 
the peak current to be reached during the >50% 
portion of the carrier waveform. 

5. The High Frequency Oscillator 

The oscillator circuit on the UC1901 is designed 
to operate at frequencies of up to 5MHz. To achieve 
this operating range the circuit shown In Figure 6 
uses only NPN transistors in those parts of circuit 
which are dynamically Involved in the actual oscilla- 
tion. The standard bipolar process used to produce 
the UC1 901 characteristically yields high fr, typically 
250MHz, NPN devices. Conversely, the same pro- 
cess has PNP structures with Vs of only 1 to 2MHz. 
In the oscillator, PNP’s are used only in determining 
quiescent operating points of the circuit. 

The latched comparator formed by Q1-Q4, diodes 
Di and Dg, and resistors and R2 has a controlled 
input hysteresis which determines the peak to peak 
voltage swing on the timing capacitor Cj. The timing 
capacitor Is referenced to V,n since this is the 
reference point for the latched comparator’s thresh- 
olds. The comparator’s outputs at and Dg switch 
the 2X current source through Q10 changing the net 
current into the timing capacitor from positive to 
negative, reversing the capacitor voltage’s dv/dt. 


When the resulting ramp reaches the comparator’s 
lower threshold, the current is switched back to 
and the ramp reverses until the upper thres- 
hold Is reached and the process begins again. This 
results in a triangle waveform at Cj and a squarewave 
signal at and D2. 

The magnitude of the charging current is controlled 
by the external resistor, Rj and the internally gener- 
ated voltage across it. This voltage Is compensated 
to track variations in the comparator hysteresis. The 
tracking characteristics of this voltage stabilize the 
oscillation frequency over temperature and enhance 
the initial frequency tolerance. Typically, repeatability 
and temperature stability of the operating frequency 
are both better than 5%. 

The oscillator circuit has been optimized for a 
nominal Rj of 1 0k/2. A desired operating frequency 
is obtained by choosing the correct value for Cj. As 
shown in Figure 7, the oscillator frequency is give 
by the relation: 

/o. f 1.24 

(2) fosc. = 

for frequencies below 500kHz. Above 500kHz, the 
solid line indicates appropriate Cj values. There is 



FIGURE 6: UC1901 High Frequency Oscillator Simplified Schematic. 
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no upper limit on the size of the capacitor used, 
thus allowing the oscillator to have an arbitrarily 
long period if desired. 



Ct value - picofarads 

FIGURE?: UC1901 Oscillator Frequency. 

To allow operation of the modulator with a carrier 
frequency that is driven from a system operating 
frequency or clock, the oscillator can be over-ridden. 
Tying Cj to the input supply voltage disables the os- 
cillator. The modulator circuit can now be switched 
In synchronization with a signal at the external clock 
Input. Internally, the clock signal is applied to the 


latched comparator via the Input device Qg, and the 
differential pair Q 7 and Qg. As the clock input goes 
high, Qg turns Qg off and Q 7 on, creating an offset 
across Rg that is sufficient to switch the comparator. 
The comparator then, as before, drives the modula- 
tor. When the clock input returns low, the process Is 
reversed. Using the external clock Input, both the 
frequency and duty cycle of the modulator outputs 
are controlled. 

6. A Status Output is More 
Than Just a Green Light 

Many systems today require a monitoring function 
on the supply output. The status output on the 
UC1901 can fill this need, a green light function, 
and can also be used to fill some more “sophisti- 
cated” needs. The circuit in Figure 8 takes advan- 
tage of the status output in the start-up of an off-line 
forward converter. The UC1 901 is being used In an 
application where the switching supply must be 
synchronized to a system clock. The clock signal 
is generated on the secondary or output side of 
the supply. To allow start-up, the PWM oscillator is 
free-running when the line voltage Is applied. As the 
supply voltage rises, the UC1901’s external clock 
input is driven at the switching frequency rate 
through resistors and Rg. When the supply output 


RECTIFIED LINE VOLTAGE 


SYNC PULSE 
TO PWM 
OSCILLATOR 



FIGURE 8: The Status Output on the UC1901 is used in the Start-Up of a Power Supply Synchronized to a Secondary 
Referenced Master Clock. The Coupling Transformer Carries the Feedback and Clock Signals. The Status 
Output is used to Sequence Clock Signals to the UC1901 External Clock Input During Start-Up. 
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FIGURE 9: The UC1901 Combines With an Advanced PWM Controller in a SOW Off-Line Converter. 
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reaches 90% of its operating level, the status out- 
put decouples the external clock input from the 
switcher and enables the UC1 901 ’s clock input to 
be driven from the now operational system clock. 

On the primary side, the output of the coupling 
transformer is used before demodulation to provide 
a synchronization pulse to the PWM control oscilla- 
tor. Under normal operation, the entire power supply, 
including the feedback system, will be synchronized 
to the system clock. 

7. The UC1901 in an Off Line 
Flyback Converter 

As alluded to previously, flyback converters see 
wide use in off-line applications. The flyback topol- 
ogy has some general cost benefits which have 
spurred its use in low cost, low power (<150W), 
off-line systems. Perhaps the two most significant 
of which are the need for only a single power 
magnetic element in the supply (no output filter 
inductor is required), and the ability to easily obtain 
multi-output systems by adding one additional 
winding to the coupling power inductor for each 
extra output. Also, the flyback topology, especially 
when used in the discontinuous mode, lends itself 
very well to the benefits of voltage feed-forward. 

7a. 60 Watt Dual Output Converter 

Shown in Figure 9 is a flyback converter designed 
with the UC1 901 and a primary side control 1C, the 
UC1840. The converter has two SOW outputs, one 
at 5V/6A, and another at 1 2V/2.5A. Minimum loads 
of 1 A are specified at each output. The UC1901 is 
used to sense and regulate the 5V output. This out- 
put is specified at ±2 percent (untrimmed), with load 
and line regulation of better than 0.2 percent. Respec- 
tively, the 12V output is specified at ±5 percent 
with ±6 percent load and line regulation. Regulation 
of the 1 2V output relies on close coupling between 
the 5V and 12V output circuits. 

The UC1840 controller has all of the features 
discussed previously for an off-line controller. In 
addition. It has some advanced fault protection 
features. Only parts of the UC1840’s capabilities 
are discussed here. For those desiring a more 
complete description, it can be found in the second 
reference mentioned at the end of this article. In the 
supply, the UC1 840 sequences itself through start- 
up using the energy stored In C 4 by the trickle 
resistor R^. Once the supply is up and running 
W 4 , the auxiliary winding on Li , provides power to the 
controller and the switch drive circuitry. The primary 


winding on the coupled inductor, is applied 
across the rectified and filtered line voltage at a 
60kHz rate via the FET switching device. is refer- 
red to as a coupled inductor, rather than as a trans- 
former, since the primary and secondary windings 
do not conduct at the same time. Energy is stored 
in the inductor core as the switching device con- 
ducts, and then “dumped” to the secondary outputs 
when the device Is turned off. 

The converter operates in the discontinuous mode. 
Operating in this mode, the total current in the 
coupled inductor goes to zero during each cycle of 
operation. In other words, the energy stored in the 
core during the beginning of a cycle Is entirely 
expended to the load before the end of the cycle. 
This allows the Inductor size to be minimized since 
its average energy level Is kept low. The price paid 
for discontinuous operation is higher peak currents 
in the switching and rectifying devices. Also, high 
ripple currents at the supply’s output(s) make ESR, 
(equivalent series resistance), requirements on the 
output filter capacitors more stringent. 

7b. Discontinuous Flyback’s Forward 
Transfer Function 

The process of designing a feedback network for 
the supply begins with determining the small signal 
transfer function of the converter’s forward control 
path. This path can be defined as the small signal 
dependency of the output voltage, Vqut, to, Vq, the 
control voltage at the input to the PWM comparator. 
As defined, the control voltage on the UC1 840 ap- 
pears at the compensation output of its internal 
error amplifier. The transfer function of this path 
for the discontinuous converter is given by equa- 
tion (3). 


(3) Vqut TpRi 1 + sCpRs 

^ "Vp V ^ " 1 + sCp^ 

2 


Where: 

V|N = level of the rectified line voltage, 

Vr = The equivalent peak PWM ramp voltage- 
equal to the extrapolated control voltage 
input which would result in a 100 % 
switch duty cycle, 

Tp = One period of the switching frequency, 

Lm = Magnetizing inductance of the primary 
winding, 

Cp = A total effective output filter capacitor. 
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Rl = The total effective load, (assumed 
resistive), 

Rs = ESR of the filter capacitor, 
s = 27rjf, f is frequency in hertz. 


The word effective is used in describing Rl and Cp 
since, although we are interested in calculating the 
response to the 5V output, the loads at the 1 2V and 
auxiliary outputs must be accounted for. This Is 
easily done by reflecting these loads to the 5V 
output using the corresponding turns ratio on the 
inductor. 

7c. Voltage Feedforward Steadies 
Response 

Equation 3 indicates a substantial dependency of 
the control response to both the load Rl, and the 
input voltage, V|n. This can slightly complicate the 
design of the feedback network since both the gain 
and phase response of the loop will vary with oper- 
ating conditions. 


The benefits of feed-forward are easily illustrated at 
this point by examining its effect In this circuit. The 
UC1840 controller uses resistor Rg to sense the 
input voltage and proportionately scale the charging 
current into the PWM ramp capacitor, C 3 . Scaling 
the ramp slope is the same as scaling Vr, the equiva- 
lent peak ramp voltage. The result Is a modeled 
ramp voltage given by: 


(4) Vr — V|N Tp 

R 5 ^3 


When this expression for Vr is substituted into 
equation 3, the result is a forward transfer function 
that is independent of the input voltage. Not only 
does this simplify the feedback analysis, it also 
vastly improves the supply’s Inherent rejection of 
line voltage variations. 


The forward response of the converter, plotted in 
Figure 10, has a single pole roll-off occurring 
between 1 1 Hz and 38Hz depending on the load. 
The single pole roll-off allows the feedback network 
a bit of latitude since, from a stability standpoint, the 
loop bandwidth can be extended by simply adding 
broadband gain with an appropriate roll-off frequen- 
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FIGURE 10: Closing the Feedback Loop is Proceeded 
by the Characterization of the Converter’s 
Forward Small Signal Transfer Function. 


cy. No mid-band zeros or led-lag networks are 
necessary, as might be for converters with double 
pole responses. Although, the zero resulting from 
the ESR of the filter capacitors can. If not taken Into 
account, appreciably extend the loop bandwidth 
beyond its Intended value. 


76 . Wide Bandwidth Gives Fast Transient 
Response At 5V Output 

This supply was designed to have a unity gain loop 
bandwidth of between 5 and 1 0kHz. With this band- 
width the supply’s control response to step load and 
line changes occurs in fractions of a millisecond. This 
Is only true with regard to the 5V output. There is no 
feedback from the 1 2V output therefore the output 
Impedence of the 1 2V supply will be determined by 
IR losses, the dynamic impedence of the rectifying 
diodes, and the coupling efficiency between the 
inductor windings. This impedence is not reduced 
by the loop gain, as it is at the 5V output. As a result, 
the time constant of the response at this output will 
be considerably longer. 


The fast response of the 5V output and the relatively 
slow response of the 1 2V output are Illustrated in 
Figure 1 1 which shows three oscilliscope traces 
in response to a 3.0A load change at the 5V output. 
The upper trace is the response of the 5V output 
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which has been expanded and lowpass (dSkHz) 
filtered slightly so the small signal loop character- 
istics can be seen. The trace below this is the 1 2V 
output’s deviation due to cross-regulation limitations, 
the longer time constants involved are obvious. Both 
the fast response of the 5V loop, and the longer 
settling time of the 12V output are apparent in the 
third trace. This trace is the fed back correction 
signal at the UC1 840’s error amplifier output. From 
the middle trace the output impedence of the 12V 
supply can be estimated by noting the approximate 
1ms time constant and dividing It by the 2000/uF 
value of the 1 2V output filter capacitor. This gives a 
value of 0.5/? for the output impedence. This agrees 
well with actual measurements of the 12V output’s 
load regulation. 


The UC1901 is operated with a carrier frequency 
of 500kHz. The coupling transformer, a Coilcraft 
E3493A, (double E core, bobbin wound construction), 
has a magnetizing inductance of 2.1 mH. At 500kHz 
the peak current required to drive the primary 
winding is only 475juA per peak volt. The reflected 
load current Is kept much smaller. This allows the 
transformer to be easily driven from the UC1901 
driver outputs. The E3493A is widely used as a 
common mode line choke, and Is rated for V.D.E. 
and U.L isolation requirements. The transformer 
has a current rating of 2A, greatly exceeding the 
requirements of this application. Even though the 
device is larger than some alternatives, its availa- 
bility and high volume pricing, as well as its isolation 
capability, make it a very suitable choice. 
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FIGURE 11: The Transient Response of the 5V Output 
(Top Trace), to a 3.0 A Step Load Change 
Reflects the Extended Bandwidth of the 5V 
Loop. The Open-Loop 1 2V Output (Middle), 
Responds to the Effects of Cross Regula- 
tion. The Feedback Error Signal (Lower) 
Coupled Through the UC1901 is Measured 
at the UC1840 Error Amp. Output. 

7e. The Feedback Response 

Plotted in Figure 1 2 is the response of the feedback 
network. Also plotted are the asymptotic gain lines 
of the two contributing gain blocks, the UC1901 
response (from 5V output to detector output) and 
the UC1 840 error amp response (detector output to 
the PWM control voltage). The UC1 901 ’s error ampli- 
fier is run open loop at DC but is quickly rolled off to 
8 dB. With the 1 2dB of modulator gain, the UC1 901 
feedback system has a broadband gain of 20dB. A 
pole at 1 6kHz is added to reduce the gain through 
the UC1901 error amplifier at the 60kHz switching 
frequency. As mentioned earlier, excessive gain at 
the switching frequency can “use up’’ the dynamic 
range of the UC1 901 ’s AM output. 


At the output of the transformer the diode-capacitor 
detector Is referenced, along with the Inverting Input 
of the UC1840 error amplifier, to the UC1840’s 5V 
reference. The operating point of the detector is 
fixed at 0.5V by the divider formed by Rig and R 17 In 
Figure 9. This In turn sets the operating point of 
the carrier, with a detector diode drop of 0.5V, at 
about IV peak. This level is reflected back through 
the one-to-one transformer to the UC1 901 outputs. 
A IV operating point Is approximately at the center 
of the devices dynamic range. 


The load current at the detector output is 50/uA, set 
by the 0.5V operating level and R^e- The peak to 
peak detector ripple, at 500kHz, across the .001 5/j.f 
holding capacitor is about 35mV. The gain through 
the UC1840 error amplifier at 500kHz is -26dB, 
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FIGURE 12: Local Feedback Around the UC1901 and 
1840 Error Amplifiers is Used to Obtain the 
Desired Feedback Response. 


UNITRODE CORPORATION • 5 FORBES ROAD 
LEXINGTON, MA 02173 • TEL. (617) 861-6540 
TWX (710) 326-6509 • TELEX 95-1064 


15-189 


PRINTED IN USA. 



APPLICATION NOTE 


U.94 


attenuating the ripple to less than 2nnV at the error 
amplifier output 

The response of the UC1840 error amplifier is flat 
out to 1 kHz where the gain Is rolled off to set the 
loop’s Odb frequency. The DC gain Is kept as high 
as possible, to fix the detector operating point, 
without actually having a series Integrating capaci- 
tor In the feedback. If both the UC1901 and the 
UC1840 error amplifiers are run open loop at DC, 
with series R-C networks to set the AC gain, the total 
phase margin at low frequencies can become small 
or nonexistent. The result can be instability or, more 
likely, a peaked closed loop response that can 
increase the low frequency noise level of the supply. 

The distribution of gain between the UC1901 and 
UC1 840 error amplifiers is somewhat, although not 
entirely, arbitrary. Keeping the 500kHz ripple at the 
PWM comparator input below a certain level puts 
restrictions on the AC gain of the PWM’s error ampli- 
fier. To much AC gain through the UC1 901 's ampli- 
fier can degrade the supply’s transient response 
under large signal conditions. A suitable distribu- 
tion for any application will, more than likely, be an 
iterative procedure. A simple computer or pro- 
grammable calculator program can be a great tool 
when massaging these aspects of a design. 
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FIGURE 13: The Over-All Open-Loop Response of the 
Supply Will Determine the Supply’s Over- 
All Stability and Small Signal Transient 
Response. 


The result is a supply with very repeatable, as well 
as stable, operating characteristics. The same type 
of analysis for determining the required feedback 
response can be used in applying the UC1901 to 
any type of isolated closed loop supply. The choice 
of coupling transformer and carrier frequency used 
with the UC1901 should be based on Individual 
system requirements. 
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The overall open-loop responses, plotted in Figure 
1 3, will not vary significantly except as indicated 

with load. The desired loop bandwidth has been This material appeared in EDN,October1 3, 1983, in 

achieved with an adequate phase margin of > 50°. an edited version. 
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PROPORTIONAL BASE DRIVE OF BIPOLAR POWER TRANSISTORS 
IN SWITCHING POWER SUPPLIES 

Proportional base drive is a simple and effective method of 
achieving improved performance with high voltage bipolar power 
switching transistors in off-line applications. As shown in 
Figure 1 , a current transformer provides regenerative base drive 
current whose amplitude is proportional to the collector current 
being switched. The drive current ratio is established by the 
turns ratio of the collector and base windings. 

The proportional drive method may be employed with any power 
switching circuit topology. Advantages over conventional fixed 
base current drive methods include: 

1 . Fixed base drive current must be large enough to handle the 
full load (or short-circuit load} collector current. Under 
lightly loaded conditions, the switching transistors are 
severely overdriven, resulting in long storage and fall 
times and more difficult turn-off. Proportional drive 
provides optimal performance under varying load current 
condi ti ons. 

2. Proportional base drive requires less drive power from the 
control circuit. During the "on" time of the switching 
transistor, base drive is provided regenerati vely from the 
collector circuit through the current transformer. The 
control drive circuit is not required to provide sustaining 
base drive current. It must only provide short pulses of 
drive current to initiate turn-on and turn-off. The 
amplitude of these drive current pulses can easily be made 
large enough to obtain good switching performance from high 
voltage bipolar devices in off-line applications. 



15 


Figure 1. Proportional Base Drive Circuit 
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Referring to Figures 1 end 2, when driver tronsistor Q^i is on, 
power switch Qg is off. Megnetizing current l^'\ in the control 
drive winding spprosches a steedy-stete vsLue equal to the 
drive circuit supply voltage divided by R^. Capacitor is 

discharged and there is zero voltage across all windings of T'j. 

When the output of the control circuit turns on, driver turns 
off and primary current Id'i must cease. Energy stored in T'j 
causes the voltage at the dotted ends of all windings to flyback 
in the positive direction. multiplied by turns ratio N^/Nb 

becomes the turn-on base drive current pulse to Q2- 

Collector current Iq starting to flow in winding Nq causes a 
regenerative increase in base drive to Qg until it is switched 
fully on. The final value of Iq induces a proportional base 
drive current, according to the turns ratio Nb/NQ. 

During the time that Q 2 
is on and is off, 

capacitor C'j charges 
through R'l to supply 
voltage Vdd- At the end 
of this "on" period, 
driver transistor is 

turned on again, 
applying the voltage on 
capacitor C >| to the 
drive transformer 
primary. This drives 
the voltage on the base 
of Q 2 sharply negative. 

The turn-off base 
current pulse, Ib2» can 
be made larger than Q 2 
collector current, 
resulting in very rapid 
turn-off of Ql2' 



After Qi 2 off and Ib2 
ceases, any remaining 
voltage on C'l across the 
drive transformer 
primary helps to rebuild 
the magnetizing current. 
Diode D^ prevents the 
possibility of any 
underdamped ringing from 
driving the upper end of 
Njj negative. At the end 
of the "off" period, 
magnetizing current 1^1 
has been re-established 
and the cycle repeats. 
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It is quite feasible to operate high voltage bipolar transistors 
at frequencies above 50 KHz with reasonable efficiency because of 
the large amplitude base drive pulses obtainable with this 
method. However, the circuit of Figure 1 , as just described, is 
not capable of operation at frequencies above a few kilohertz. 
This is because capacitor C must charge to V^cl during the "on” 
period of Qi2» ^he R^iC^ charging time constant is far too long 
for this to be accomplished at 50 KHz. 

This problem is solved by the addition of a rapid recharge 
circuit as shown in Figure 3 . During the time that Q2 is on and 
O') is off, current through is multiplied by the current gain 

of Q3, which significantly reduces the charging time of C^. When 
Q>I turns on, C^i discharges through D2. The base-emitter of Q3 is 
reverse biased, holding it off during the entire Q2 "off" time. 



Figure 3 . Improved Proportional Base Drive Circuit 


DESIGN PROCEDURE: 


Application parameter values must be defined, including drive 
requirements for the power switching transistors: 


Iq Maximum collector current 

Ib'l Initial turn-on base drive current 

Ic/Ib Sustaining proportional base drive ratio 

Ib2 Turn-off base drive current at max. Iq 

^bbE Turn-off base drive source voltage at max. Iq 

t2 Maximum transistor turn-off time 

Vdd Drive circuit supply voltage 

f Operating frequency 

Drive transformer base/collector turns ratio is equal to the 

desired proportional base drive ratio: 


Nb/Nc = Ic/Ib 
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Drive transformer driver/base turns ratio is established by the 
desired turn-off base source voltage and the drive circuit supply 
voltage, minus 1 volt diode drop: 

Nd/Nb = (Vdd“l)/Vbb2 f2) 


When Q'l turns off, primary magnetizing current, 1^1 » transferred 
to the base winding must provide the required turn-on base drive, 
ibi • 


Idl = Ibl/ (Nd/Nb) 


( 3 ) 


The R^i value required to obtain this magnetizing current is: 


Rl = Vdd/Idl 


( 4 ) 


During initial turn-off, driver primary current '"List absorb 

the proportional base drive current and transformer magnetizing 
current Idi in addition to the turn-off base drive current: 


Id2 


Ib2 Ia/(Nb/Nc) 
(Nd/Nb) 


+ Idl 


( 5 ) 


Capacitor C-j is designed to supply the worst-case energy required 
to turn off Qg: 


W = |ci(Vdd-l)* = (Vdd-l)Id2t2 


Cl 


2 Id2 t2 
Vdd-1 


(6) 


When Q2 is operated at very low duty cycle [such as immediately 
after a sudden decrease in load current), may not have time to 
fully charge to M during the very short "on" time, in spite of 
the assistance provided by Qg. This will probably not be a 
problem, because Qg will also not have time to store much charge 
and will be much easier to turn off. The time required for Qg to 
reach equilibrium charge storage is comparable to the time 
required to remove this charge during turn-off. The C^i charging 
time constant (reduced according to the gain, Hfe, of Qg) will 
generally be adquate if it is less than 1/2 the Qg turn off time, 
tg. 


TCI = RlCl/Hfe 


( 7 ) 


UNITRODE CORPORATION • 5 FORBES ROAD 
LEXINGTON, MA 02173 • TEL. (617) 861-6540 
TWX (710) 326-6509 • TELEX 95-1064 


15-194 


PRINTED IN U.S A 



DESIGN DATA 


D1 


DRIVE TRANSFORMER DESIGN: 

Turns ratios for the drive transformer were established in 
equations (1] and (2]. Only certain integral number of turns are 
permissible for each winding. For example, if N^j/Nq is 25, the 
permissible number of drive winding turns are 25, 50, 75, etc., 
corresponding to 1 , 2, and 3 collector turns. 

Winding I^R losses are usually negligible. The drive transformer 
design is based on the following two considerations: 

1. Magnetizing current 1 ^'\ is required for initial turn-on of 

the power switching transistor. During the time Q 2 is on, the 

magnetizing current will decrease due to voltage V^e across the 

base winding. The magnetizing current must not be allowed to 

decrease to less than zero, or it will cause premature turnoff 
under light load conditions by overcoming the small proportional 
drive current Referred to the primary, the drive winding 

inductance must be large enough to prevent Ijj'i (Equation 3) from 
reaching zero with voltage Vb 0 (Njj/Nj 3 ) during the longest possible 
"on" time (usually half the switching period, 1 / 2 f): 

2. Under light load conditions, relatively little charge is 

required to turn off Q 2 . C'j will then have substantial voltage 
remaining which will be applied to the drive winding during the 
remainder of the "off" period. This will cause the magnetizing 
current (and its associated energy storage) to become much larger 
than desired. The problem is solved by designing the drive 

winding to saturate at a current level slightly greater than the 
desired value of magnetizing current, This will result in 

dumping any excess energy remaining in C>| and establishing a 
consistent starting point on the B-H characteristic at the 
beginning of each "on" period. 

Figure 4 shows the B-H 
characteristic of the 
core as seen from the 
drive winding. For the 
vertical axis, B times 
core area Ag and Nd 
equals / V<idt (Faraday's > 

Law). For the horizontal n 

axis, H times effective ^ 

core length, I, and o 

divided by equals the ^ 

magnetizing current Id> 

(Ampere's Law ) . The 
characteristic slope 
equals the drive winding 
inductance, Ld» and the 
area to the left equals 

the energy stored. Figure 4. 



15 


UNITRODE CORPORATION • 5 FORBES ROAD 
LEXINGTON. MA 02173 • TEL. (617) 861-6540 
TWX (710) 326-6509 • TELEX 95-1064 


15-195 


PRINTED IN U.S.A 



DESIGN DATA 


D1 


The operating point shown will satisfy the two requirements above 
if it exceeds 1^1 on the horizontal axis and if it exceeds 
Vbef*^d/NbJ/2f on the vertical axis under worst case conditions at 
high temperature. Procedurally, use Faraday's Law with B close 
to saturation at high temperature and with the area, Ag, of the 
core selected. Solve for N^j: 

Vb<»(N4/^) , (8) 

Use the smallest permissible equal to or greater than the 

value calculated above. An N^j value larger than the calculated 
amount simply means that the change in flux density will be less 
than the maximum permitted. 

Next, use Ampere's law with a value for H corresponding to the B 
value chosen before, the smallest permissible N j from above, 
and I equal to I^'i. Solve for the magnetic path length, 1. 

Ndidl = HI (9) 

Compare the actual Ig value for the core selected with the value 
calculated above. If the actual Ig of the core is significantly 
larger than the calculated I, it will be necessary to use either 
a smaller core, or use a larger permissible number of turns, N^j. 
Otherwise, the operating point will not be close enough to 
saturation, and the B and H levels will both be too low to 
prevent the magnetizing current from becoming negative at the end 
of the "off" period. 

If the actual core Ig is smaller than the calculated I, the core 
will be too heavily saturated, and will not store enough energy 
to provide the desired I^l- Either go to a larger core, or 
introduce a small gap, Ig, according to the relationship: 

1 = de + Palg)# where pa == H/H (10) 

Driving Two Transistors . Two power switching transistors are 
often used in series in order to halve their high voltage Vgg 
rating requirements. It is usually desirable to drive these two 
transistors from a single drive circuit. This can be 
accomplished by means of two identical base windings in the 
transformer. N^/Nc must be halved and N^/Nb doubled from the 
values calculated in Eq. (1) and (2) because the total base 
current is twice as much as with a single transistor. 

As shown in Figure 5, it is also necessary to add a small amount 
of resistance in series with each base in order to ensure current 
sharing. A resistor which drops 0.5 volts at maximum sustaining 
base drive, Ib, should be adequate. The added resistance does 
not affect the calculation of in Equation (8) because its 
voltage drop is negligible compared to Vbe under light load 
conditions, when the sustaining base drive is small. However, 
during turn-off, each series base resistor must be shunted by a 
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smaLL diode. Otherwise, a very Large Vbb2 value would be 
required in order to pull the desired out of each base. The 
forward drop of this diode must be added to the Vbb2 requirement 
in Equation (2). 



Figure 5. Two-Transistor Driver 

Line-side vs Output-side Control Circuit. The base and collector 
windings of the drive transformer are normally on the input, or 
Line side, of the power supply. When the controL/driver circuits 
are Located on the output side of the supply, high voltage 
insulation is required between the drive winding and the base and 
collector windings. This high voltage insulation, usually 
greater than 3000 volts, will impair the coupling between line- 
side and output-side windings. This results in high leakage 
inductance, causing voltage spikes during turn-on and turn-off 
which may necessitate additional snubbing or clamping the drive 
transistor collector and the power switching transistor base. 

When the control and driver circuits are are Located on the Line 
side, the drive transformer does not require high voltage 
insulation. Leakage reactance can be made almost negligible, 
especially if multifilar windings are employed. 


15 
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250 WATT OFF-LINE FORWARD CONVERTER 
DESIGN REVIEW 


by 

Raoj i Patel 

This paper gives a practical example of the design of an off-line 
switching power supply with forward converter topology. Topics 
include transformer and filter inductor design, proportional base 
drive, component selection, output filter design, and closing the 
control loop using the new Unitrode UC1524A control circuit. 


POWER SUPPLY SPECIFICATIONS: 

TOPOLOGY: Forward Converter with Proportional Base Drive 

LINE INPUT: 117 Volts +/- 15% (99-135V], BOHz 

230 Volts V- 15% ( 1 95-26 5V), 50Hz 

OUTPUT: Voltage: 5 Volts 

Current: 5 to 50 Amperes 

Current Limit: 60 Amperes Short Circuit 

Ripple Voltage: lOOmV p-p maximum 

Line Regulation: +/- 1% 

Load Regulation: +/- 1% 

OTHER FEATURES: Efficiency: 75% 

Line Isolation: 3750 Volts 

Switching Frequency: 40KHz 



Figure 1. Block Diagram of the Switching Power Supply 
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Figure 2. Complete 250 



Switching Power Supply 
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THE COMPLETE POWER SUPPLY CIRCUIT 

The complete 250 watt switching power supply schematic is given 
in Figure 2. This supply meets all of the specification 
requirements defined on page 1 . 


LINE INPUT AC TO DC CONVERSION 


The input rectifier/fil ter section converts the AC line voltage 
into a crudely filtered and unregulated DC voltage, Vin» which 
powers the downstream switching regulator. The input section is 
configured as a full-wave bridge when operating from the 230 volt 
line, and as a voltage doubler when operated from 117 volts. 
This provides approximately the same V-jp range (200-3 80 volts) 
for the switching regulator with either line voltage. Minimum 
input voltage, V^in^ is 200 volts at low line. 

The design of the input section is covered extensively in Section 
II of the Design Reference Addenda at the end of this book. 
The power input required in this application equals power output 
(250W) divided by efficiency (7 5%), or 333 watts. (Circuit values 
for this application can be obtained by multiplying the 100 watt 
input values given in Table I of Section II by P-jp/100 = 3.33, 
using the worst case voltage doubler configuration: 

Cl = C2 = 3.33(160) = 533 (iF (nse 600 jiF) (1) 

Ichg = 3.33(1.126) = 3.75 Amps RMS AC (2) 

The switching regulator draws 40 KHz rectangular current pulses 
which discharge the input capacitors. Peak discharge current, 
idis» occurs at Vmin when the duty cycle, D, is maximum (50%): 

Idis = Pin/(VmlnD) = 333/(200 .5) =3.33 A peak (3) 

The RMS AC component of the discharge current, Iciis» which flows 
through the input capacitors at worst case 50% duty cycle is: 

Idls = (ldis)/2 = 3.33/2 = 1.67 Amps RMS AC (4) 

The total RMS AC current rating required for the input capacitors 
is calculated from Equation 8 of Section II: 

ICAP = -Vichg* + Idis* = -V3. 752 + 1.67* (5) 
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SWITCHING CIRCUIT TOPOLOGY 

The two transistor forward converter configuration shown in 
Figure 3 was used in this 250 watt switching power supply for the 
following reasons: 

1. Transistor voltage ratings are half the voltage required in a 
comparable single transistor circuit (400V vs. 800V). Only 1/4 
the silicon chip area is required for the same current rating, 
and the switching speeds will be twice as fast. 

2. The snubber networks are for load line shaping only and are 
not required to absorb all the energy stored in the transformer 
leakage reactance. Instead, clamp diodes D 5 and Dg conserve most 
of this energy by returning it to the input, improving the 
eff i ci ency . 

3. Closed-loop stability is easier to achieve than with a 
flyback converter because there is no right half plane zero. 

4. Filter capacitor requirements are much less severe than in 
boost or flyback converters because of the output filter 
i nductor . 

5. Transformer construction is simplified because there is no 
need for a clamp winding (Ng is used for the auxiliary supply). 

6 . Reliability is improved because faster transistors result in 
reduced switching losses, and each transistor dissipates only one 
half of these reduced losses. 



Figure 3. Two Transistor Forward Converter 
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Disadvantages of this topology are: 

1. Two transistors are required instead of one [but cost may be 
less). 

2. Restricted to less than 50% duty cycle to permit core reset. 
This results in poorer transformer utilizetion. 

3. Added cost of filter inductor, which is not required for 
the flyback converter. 


SPECIF=YIN6 THE SWITCHING TRANSISTORS 


Maximum peak primary current flowing through the transistors, 
ICM» is the same as i^is from Equation 3, or 3.33 A. 

The transistors should have good VCE[sat) and switching speeds at 
a collector current of at least 4.0 amperes, which includes an 
allowance for unusual conditions such as short circuit current. 
[Disregard spec sheet "maximum current ratings" which are 
inflated for competitive marketing reasons, and focus on the 
specified test conditions.) 

The collector voltage rating must be greater than maximum V^p, or 
380 volts in this application. Conservatively, this should be 
the BVq^q rating, but with careful load line shaping to make 
certain the transistor is completely off before voltage is 
applied, a less conservative designer might specify BV^ex greater 
than V-jn[max)- 

The UMT13007 satisfies the above requirements, with BV^^q of 
400V, VcE[sat) 2 . 0 V at 5A, and worst case fall time of 

400ns under the proportional base drive conditions provided. 


SNUBBER NETWORK DESIGN 


The turn-off snubber networks shown across each transistor in 
Figure 3 provide shaping of the load line to ensure that it 
remains below the reverse bias safe operating area [RBSOA) of the 
transistors. Capacitors C 3 and C 4 accomplish this by holding the 
voltage across each transistor low during current turn-off. The 
snubber capacitors thus absorb the turn-off transition energy 
that otherwise would have been dissipated in the transistors [see 
Figure 4). 


C3 = C4 


ICM tf 
2 Vin(max) 


[ 6 ) 


3 .33 X .4 X lO"* 

= — = .00175 pF (use .0015 pF) 
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Figure 4. Effect of Snubber Network on Turn-Off Characteristic 


Resistors Rg and R 3 are designed to discharge the snubber 
capacitors with a discharge time constant of one-half the minimum 
on time, tQn[n^-jn). 


ton(min) 


D(niax) Vin(min) 
f Vin(max) 


0.5 200 

40,000 380 


= 6.58 ps 


(7) 


R2 = R3 


=s ^on(ipin ) 5- 6 .58x10"*^ 

2C3 2xl.5xl0-» 


2.2K 


Maximum power dissipation in each resistor: 

PR2 = PR3 = jC2Vin(max)* f 

= ^•^»^9~* x380»x 40,000 = 4.3 watts 


( 8 ) 


POWER TRANSFORMER DESIGN 

The design of the 40 KHz inverter transformer is detailed in 
Appendix A. A primary to secondary turns ratio of 148/9, or 
15.33, ensures that 5 volts output is provided with minimum Vin 
of 200 volts at 50% duty cycle, including voltage drops in 
rectifiers, transistors and windings. 

Transformer winding Ng is used to provide an auxiliary supply to 
power the control and base drive circuits. This makes good use 
of the energy stored in the transformer primary inductance. 


15 


OUTPUT FILTER DESIGN 


The output filter and its associated waveforms are shown in 
Figure 5. The filter inductor calculation is based on the 
maximum "off" time: 


U(min) 


I>(max 


Vin(iiiin) 

Win(max) 


0.5 


200 

380 


.263 


(9) 


toff (max) 


l-D(min) 

f 


1-.263 

40,000 


18.4 ps 


( 10 ) 
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Figure 5. Output Power Filter Design 


The inductance required to prevent discontinuous mode operation 
depends upon the minimum load current: 

^lL(iiiax) 2Io(iniii) =2x5 = lOA {11 ) 

L = (Vo-t-VF) toff (max) = (5 0.6)18.35 ^ g) 

AlL(max) 10 


The capacitance required to achieve the output ripple voltage 
specification of 0.1 volts is: 


Co 


1 AlL(max) 1 1 

2 2 2f Vo 


10 

8 x40,000 x 0.1 


= 312 pF 


[13} 


The maximum ESR of the capacitor is: 

ESR = vo/AlL(max) = 0.1/10 = .01 0 (14) 

To obtain the necessary ESR requires a capacitor much larger than 
the 312 microfarads calculated. This design will use three 220 
microfarad solid tantalum capacitors, Mallory TH F 227 M01 0P1 G, in 
parallel. A single 1 4,000 microfarsd aluminum electrolytic 
capacitor, Mallory CG01 43M10R2C3PL could also be used. 

With the tantalum capacitor, the resonant frequency of the filter 
is 2KHz. With the aluminum electrolytic, the resonant frequency 
is reduced to 425 Hz, changing the closed-loop design. 
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CLOSING THE CONTROL LOOP 

The Unitrode UC1524A is used for the control circuit. It has 
additional features such as pulse by pulse current limiting and 
high current and voltage output capability (200mA, 60V} compared 
with the SG1524. The UC1524A reference is trimmed to +/- 1% 
which makes it possible to avoid using a voltage-setting 
potentiometer in many instances. 

The control to output transfer function, dVo/dVc, shown in Figure 
6, incudes the cascaded gain of the sawtooth modulator within the 
UC1524A control IC, the power switching circuit, and the output 
filter characteristic. Nets}. 

In the control IC, a control voltage is compared with sawtooth 
ramp voltage Vs (2.5 volts) to establish the drive pulse width to 
the power switches. For the forward converter, only one of the 
two alternating outputs of the UC1524A is used so as to limit the 
duty cycle to 50% maximum and allow for transformer core reset: 

D = 0.5Vc/Vs = 0.5Vc/2.5 = Vc/5 (15) 

The forward converter is a member of the buck regulator family. 
Transformer turns ratio n - 16.44: 

Vo = (16) 

n n 2 Vs 




Figure 6. Control to Output Transfer Function 
LC Filter and Modulator 
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The low frequency control to output transfer characteristic is 
obtained by differentiating with respect to Vc: 


1X2^ Vin_,_380 

dVc n 2V8 15.33 x5 


4.95 = 13.2 db 


(17) 


Note that gain is greatest at maximum The overall control 

to output transfer characteristic including the filter is: 


He(s) 


(18) 


The filter introduces a two~pole characteristic at its resonant 
frequency (2 KHz). Above resonance, the gain drops 40db per 
decade, and the phase shift becomes -1 80 degrees. Combined with 
the -180 degree phase shift of the feedback network, this will 
cause instability and oscillations unless compensated. 


Closing the loop involves feeding back the error voltage from the 
output terminal of the supply (vq) to the IC control voltage port 
(9 q) through the UC1524A error amplifier. The approach taken is 
to make the gain of the feedback network such that the overall 
loop gain crosses zero db (with adequate phase margin) at one 
half the switching frequency. 

As shown in Figure 6 , control to output gain is 13.2db at low 
frequencies, rolling off above 2KHz at -40db per decade, so that 
at 20 KHz the control to output gain is 13.2 - 40, or -26.8db. 
For overall loop gain of zero, the feedback network gain must be 
made +26.8 db at 20 KHz. 


From 20 KHz down to 2Kz, there is a net single zero in the 
feedback network which cancels one of the two filter poles and 
reduces the phase shift in this region to -270 degrees. 

Below the filter resonant frequency the two filter poles are 
gone. However, the resonant frequency may be less than 2KHz 
because of plus tolerances on the filter capacitor. The feedback 
network is therefore designed to transition from a net single 
zero to a single pole at IKHz, half the resonant frequency. 

Figure 7 shows the gain and phase plot of the error amplifier and 
the overall feedback loop. Figure 8 shows the specific feedback 
network used to achieve this result. 


The high frequency error amplifier gain is set by R 2 and R 3 . An 
R 3 value of 33 K is chosen to minimize amplifier loading: 

Avi » R 3 /R 2 - 26.8db = 21.9 (ISJ 

»2 = R3/Avl = 33000/21.9 •» 1500 0 

The required error amplifier gain at IKHz is: 

Av 2 » Avl X lKHz/20BHz « 21.9 x1/20 * 1.095 (O.Sdb) (20) 
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FREQUENCY (KHz) 

Figure 7. Open Loop Gain and Phase Plot 



ZEROS: 

R3C2 


POLES: 

R2C1 

ERROR 

AMPL. 


Figure 8. Error Amplifier with Compensation 


The gain at IKHz is detarinined by R-i , R2 amd R3: 

Av 2 « R3/(R1-)-R2) *» 331/ (Ri +1500) = 1.095 
Rl - 28. 6K (nsa 30K) 


1 KHz 
IKHz 

20 KHz 
10 Hz 


( 21 ) 
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The two zeros at 1KHz which changes the feedback network from a 
net single zero to single pole are equal to: 

fl = ^ J;, “ - 1 KHz (22) 

2ffRiCi 2nR3C2 

Cl « ,0053 pF, C2 « .0048 |iF 

and in parallel with R2 result in an additional pole at 
20 KHz. This flattens the error amplifier gain above 20 KHz. . The 
overall phase shift will gradually increase toward 360 degrees, 
but it doesn't matter because the overall gain is less than one. 

An additional pole occurs below 10 Hz. This is the inherent 
single-pole characteristic of the error amplifier's 5 megohm 
output impedance loaded by feedback capacitor 

PROPORTIONAL BASE DRIVE 

In Figure 2, transistors Q2 and Q3 and base drive transformer T'l 
provide proportional drive to the bases of power switching 
transistors Q4 and Qg. The proportional base drive technique 
provides excellent performance from high voltage bipolar 
transistors. It provides large base current pulses for fast 
turn-on and turn-off, but with modest drive power requirements. 
Sustaining base drive is provided regeneratively from a collector 
current winding on the drive transformer. The transistors are 
never overdriven, even under light load conditions, since the 
sustaining base drive is proportional to the collector current. 
Design considerations for the proportional base drive technique 
are given in Section D1 in the design section at the back of this 
book. 

Referring to the circuit of Figure 2, when Q3 is on, R4 
establishes 75 mA magnetizing current in drive winding of T'\ . 
When Q3 turns off, the energy stored in T'\ drives 150 mA into the 
base of each transistor. Collector current starting to flow in 
Np provides sustaining base drive. With Ic of 3.33 A under full 
load conditions, an additional 667 mA of drive is provided to 
each base. 

While Q3 is off, capacitor Cg charges through Q2 in less than 1 
microsecond. Then, when Q3 turns back on, Cg provides a negative 
base drive pulse of -1.5 A to each transistor, achieving turn- 
off in less than 1 microsecond. 

Drive transformer T'l has a drive winding inductance of D.7 mH and 
is designed to saturate at 75 mA. High voltage insulation is not 
required because all windings are on the line side of the supply. 

Core: Ferroxcube 1107P-LDD-3B7 Pot Core 
Ncf: 20 turns AW634 

Ng: 5 turns AW628x2 (2 wires, one for each base) 

HqI 2 turns 5xAW628 (5 wires paralleled) 
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AUXILIARY POWER SUPPLY 

A 15 volt auxiliary supply powers the control and driver 
circuits, obtaining its energy from capacitor C 3 . Flyback energy 
is normally provided by T 2 through winding N 3 and D 0 to maintain 
the charge on C 3 every switching cycle. However, at initial 
power-up it is neccessary to provide separate means to activate 
the Vdcl supply. Otherwise, the control and driver circuits could 
not become functional and the supply could not start to switch. 

The unique under-voltage lockout feature of the UC1 524A 
facilitates this technique. All of its internal circuits are 
disabled (except the reference) until the Vdd voltage reaches 8 
volts. This holds the standby current to Ifess than 4mA until the 
8 volt threshold is reached, and permits C3 to be initially 
charged through R1 from the unregulated input. Enough energy is 
stored in C3 to operate the control/drive circuits for several 
switching cycles, until flyback energy from winding Ng can take 
over and maintain the voltage on C 3 . 

It is also necessary to eliminate base drive to Q 3 during initial 
power-up, otherwise Q 3 will draw current through R 4 which will 
prevent C 3 from initially charging. This is accomplished by 
transistor which disconnects base drive source capacitor C 4 . 
When the U 015244 becomes active, its second output turns on 
periodically to charge C 4 . 


The amount of energy stored in the power transformer is twice the 
drive/control circuit requirements. Excess energy is dumped into 
15 volt zener diode D 7 which establishes the supply voltage 

at that level. This also provides a constant clamp voltage 
across the switching transistors, regardless of line voltage. 
With good coupling between Ng and primary winding Np, it may be 
possible to eliminate clamp diodes and D' 13 . 

OUTPUT VOLTAGE SENSE AND OVERCURRENT SENSE 

A small, inexpensive transformer, T 3 , couples the output voltage 
to the line side control circuit with high voltage isolation. 
The transformer is wound on a Ferroxcube 204-T250-3E2A ferrite 
toriodal core. Primary and secondary windings are both 14 turns 
AWG32. 

During the time the power switching transistors are on, Qg is on, 
applying Vq to the primary of T 3 . Through D 2 » i^his provides a 
real-time feedback voltage to the control circuit across C 5 . 
When Qb is off, D 5 clamps the flyback voltage to 15 volts. Core 
reset is accomplished well before the end of the "off' time, 
since the "off" time of the forward converter is always more than 
50%. All transformer windings then go to zero volts, 
establishing a DC coupling level. D^j in series with the ground 
return compensates for the forward voltage drop and temperature 
coefficient of Dg- 
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Pulse by pulse current limiting is set by sense resistor Rio- 
Primary current is limited to 4A, corresponding to 6 2A load 
current. 

Transient response of the switching supply is shown in Figure 9 
with changes in- load from 20A to 60A and back to 20A. This 
behavior is a large signal phenomenon. It doesn't matter how 
fast the control loop is, it is temporarily driven into the 
bounds because the load change is much larger than the output 
filter inductor current can accomodate in one cycle. 
Nevertheless, recovery is smooth and there is no evidence of 
ringing or oscillations, demonstrating the stability of the 
control loop. Step changes in load current that are small enough 
for the control loop to remain functional are barely noticable at 
the output. 

Transient response can be improved by reducing the filter 
inductor and increasing the filter capacitor size, but this will 
increase the minimum load current required to keep the inductor 
current from becoming discontinuous. 



OUTPUT 

VOLTAGE 

1V/cm 

OUTPUT 
LOAD 
CURRENT 
20 A/cm 



Figure 9. Step Change in Output Load 
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APPENDIX A 

DESIGN OF THE POWER TRANSFORMER 
AND FILTER INDUCTOR 


The design procedure used herein is defined in Design Reference 
Section M5. Symbols, definitions and various core and wire data 
are given in Reference Sections Ml, M2, and M3. Equation 
references are to Section M5. 

Flnx Density Excursion 

In this forward converter application, the flux excursion is 
entirely within the first quadrant of the B- H characteristic, 
from zero flux density toward saturation. With simple duty cycle 
control, using the UC1524A control IC, it is possible to have 
nearly twice the normal volt- seconds, Vin(max) ton(max) # during 
startup or after a large step increase in load current. This 
means that the flux density cannot be permitted to go more than 
half way toward saturation under normal conditions or the core 
will saturate under transient conditions. 


Saturation flux density for 3C8 power ferrite material is greater 
than 0.3 Tesla (3000 Gauss), allowing a AB of 0.15 T (0 to 0.15 
T) in this application. (With volt- second control, available in 
the U Cl 840 control IC, a AB of 0.3 T would be permissible, 
significantly reducing the transformer size.) 


Core Selection 


The core area product, AP, requirements in this application are 
calculated using Equation 1 and Table I of Section M5 with power 
input of 333 watts and frequency of 40 KHz. 


AP = AwAe 


(ll.l PinV >143 /_ 
\K AB f y \0. 


11.1 333 


141 0.15 40,000 




5.4 cm^ 


This equation is based on the assumptions that the windings 
occupy 40% of the window area, the primary and secondary windings 
are of equal area, and the windings are operated at a current 
density that will result in a temperature rise of 3 0®C with 
natural convection cooling. 


From Table I, Section Ml, the EC52 core with an AP of 5.71 cm^ is 
the obvious choice. 


Peti£nlit» the Windings 

The minimum number of primary turns required to support the volt- 
seconds required for normal operation is calculated from Equation 
2 of Section M5 : 


15 
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NpCmin) > 


Sg99-YiiitBifl2 

AB Ae f 


5000 200 

0.15 1.83 40,000 


> 91 turns 


From Equation 3, the primary to secondary turns ratio is: 

n B s 0*^ P [Vin(min) VCECsat)! - 0,45(200 - 2) * <|c «|r 
Ns Vo + VF ”5 + 0.8 • 

Secondary turns from Equation 4: 

Ns = Integer(Np/n) * Integer(91/15 .36) = 6 turns 

Recalculate the primary turns: 

Np * 6x15.36 « 92 turns 
RMS primary current from Equation 6: 

Ip = Iiii(max)/Kt = Vln(min)^Kt “ 200^5771 “ 2*34 A 

From Equation 1 , the maximum current density for this size core 
is : 


Jmax “ 450 AP-"*^»* « 450(5. = 362 0/cm» 

The minimum primary wire area, Axp# is: 

Axp ® Ip(max)/Jmax = 2.34/362 * .0065 cm* 

From the Wire Table in Section M2 \mder 'AREA, Copper', AWG 19 is 
appropriate. 

The maximum RMS secondary current. Is, occurs at 50% duty cycle: 

Is(max) ** lo(max) /I “ 50/1.414 — 35.3 A 

Minimum secondary wire area, Axs# is: 

Axs ®* Is(max)/Tmax “ 35,3/362 * .0975 cm* 

From the Wire Table, this calls for AWG 7 to 8. Ten AWG 18 wires 
in parallel will carry the required secondary current and provide 
a smooth winding with less leakage inductance and acceptable eddy 
curent losses. Copper strip 2.5x.04 cm could also be used. 

Th number of turns required for the auxiliary winding is: 


Na » 


Vdd Np 

Viii(min) 


15 92 
200 


7 turns 


This will provide enough volt- seconds during flyback to reset the 
core (back to zero flux density) at 5 0% maximum duty cycle. 
AWG 3 2 wire is adquate to carry the V^d supply current. This 
winding should be tightly coupled to the primary. 
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Double- check the wire fit in the window (neglect Nj^). The total 
copper area of all windings should be less than 40% of the total 
window area of the core (0.40x3.12 = 1.25 cm* max). 

Aw' > NpAxp + NgAxs = 92(. 0065) +6xl0(. 00823) = 1.09 cm* 

Calculate Losses and Temperature Ri&fe 

The total losses in the windings is calculated from Equation 12. 

The mean length per turn, 1^, for the ECS 2 core is 7.3 cm, and 
AWG 19 wire is .000353 0/cm from the Wire Table at lOO^C. 

Pw = 2Ip*Nplt (Q/cm) = 2(2. 34)*x92x7.3x. 000353 = 2.59 watts 

The total core losses for 3C8 ferrite are obtained from 
Figure 1 in Section M3. The flux density axis of this graph 
assumes the transformer is operating with a symmetrical flux 
swing about the origin. The forward converter operates 
asymmetrically, so enter the graph with AB/2, or .07 5 T. The 
resulting 0.1 W/cm* must be multiplied by the core volume to 
obtain the total core loss. Pc* 

Pc = .01x18.7 = .187 watts 

Total transformer losses are: 

Pt = Pw + Pc *= 2.59 + .187 - 2.78 watts 

The temperature rise of the core for natural convection cooling is 
calulated from Equation 14: 

7.»> . 25.90C 


Summarizing the transformer design: 


Core: Ferroxcube EC52 , 3C8 Ferrite E-E core 

Np: 92 turns AWG19 

Na: 7 turns AWG32 

Ns: 6 turns 10xAWG18 (10 wires paralleled) 


The primary and auxiliary windings are tightly coupled. The secondary is 
insulated with 2mil mylar tape to provide 37 50 volt line isolation 
capability. 

Filter Inductor Design 


The design of the filter inductor is covered extensively in 
Unitrode Application Note U68A, in the Unitrode Databook. Using 
this approach, the inductor design is summarized as follows: 


Core : 
Winding: 
Losses : 
Temperature Rise: 


Ferroxcube 4229-3C8 Ferrite Pot Core 
7 turns 10xAWG17 (10 wires paralleled) 
2 .2 watts 

350c 


UNITRODE CORPORATION • 5 FORBES ROAD 
LEXINGTON, MA 02173 • TEL. (617) 861-6540 
TWX (710) 326-6509 • TELEX 95-1064 


15-213 


PRINTED IN U.S A 



DESIGN NOTE 


DN1-A 


DETERMINING THE CHANGE IN ZENER VOLTAGE 
WHEN THE CURRENT IS CHANGED 

A common question concerning zener diodes is “what will be the zener voltage at a current different from the 
current now specified?” 

The difficulty is that the impedance of a zener is not a constant, and changes with the current, so the zener 
voltage is a non-linear function of current. 

Here is a useful equation that gives a good approximation to the change in zener voltage when the current is 
changed from one value to another value. 

AVz = kz In 

where kz = Iz x Zz and Iz is chosen approximately midway between 1, and I 2 

The equation does not include the effect of pulse or dc-heating on the zener voltage. If appreciable junction 
heating is involved the thermal model must also be used. 

Here is an example of how the equation is used. 

Question: If the voltage of a UZ5733 is specified as 33V at 40mA, what will be its voltage when measured 
at 5mA? 

Using the graph of Zz versus Iz on the data sheet for this device, and choosing a value of Iz at 20mA, 

Zz = lOQ 

So kz = Iz ^ Zz = 20mA x lOQ = 0.20V 

AV^ = In 0.20 x In = 0.20 x In (0. 125) = 0.20V (-2.08) = -0.42V 



Thus the zener voltage at 5mA will be 33V — 0.42V = 32.6V 


UZ5706 Series 
Typical Zener Impedance 
vs Zener Current 



0.5 1 5 10 50 100 : 500 lA 

ZENER CURRENT (mA) 
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MINIMIZING STORAGE TIME WHEN USING UNITRODE SWITCHING 
REGULATOR POWER OUTPUT CIRCUITS (PIC600 SERIES) 


In some applications (such as a reversing motor drive, for example: stepper motor) where storage 
time is an important consideration in the design, the normal storage time of PIC600 series (approximately 
600ns) can be reduced to acceptable level. 

At lower output currents, the excess storage time is a result of the driver stage operating well under 
saturation, while at higher output currents it is a result of the output transistor operating into quasi- 
saturation region. 

The storage time can be reduced to less than 100ns by utilizing a Baker Clamp technique as shown 
in the circuit below: 



The Baker Clamp will increase the losses but this disadvantage will be more than offset by 

the improved switching speed. 

The Baker Clamp circuit varies the drive current of the PIC600 series for optimum switching speed at 
any given load current. The drive current required to the Baker Clamp can be unregulated, as long as it is 
greater than 30mA. 

The small value of the inductor Lj and L 2 (5 to 10 pH) stops cross conduction during the switching 
of PIC600 series. 
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AVOIDING SPURIOUS OSCILUTION WHEN USING UNITRODE SWITCHING 
REGUUTOR POWER OUTPUT CIRCUITS (PIC600 SERIES) 


Avoid spurious oscillation due to ground loops and RFI when using a Unitrode Switching Regulator 
Power Output Circuit (PIC600 Series) in a switching regulator. 

The Unitrode switching regulator power output stage (PIC600 Series) is a high frequency fast switch- 
ing device. Its control circuitry must also operate at high frequency and high gain. Therefore, it is neces- 
sary to avoid any ground loops and RFI for stable circuit operation. 

The high frequency roll-off of the control circuit should be adjusted properly with a compensation 
network. The typical layout of the power circuit is shown in the figure below. 



Capacitor Cj (0.2 fif) reduces the RFI generated due to the reverse recovery current spike of the catch 
diode, and should be physically located near pin 4 and pin 2 of the PIC625. The capacitor should be a high 
frequency by-pass capacitor, such as Polystyrene. 

The current sense resistor R3 should be a non-inductive (carbon) type. The current sense signal should 
be picked up right across this resistor. 

If the switching regulator is operated at the higher end of the input voltage, the inductor should be 
shielded with an electrostatic shield, grounded to Point A. The case of PIC625 should also be connected to 
Point A. 
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HOW TO SAFELY CHECK SUSTAINING VOLTAGE ON 
POWER TRANSISTORS 


One of the most important parameters for any power transistor, particularly in sv/itching applications 
with inductive loads, is the sustaining voltage. Many manufacturers specify only open base sustaining 
voltage (V(;;;EQ(sUSp at a low current level (10 to 200mA); and, even where sustaining voltage with resis- 
tive bias (VcER(SUS)) or voltage bias (Vcex(SUS)) specified on a data sheet, the chances are that it 
will not be specified under the exact conditions that will be required by a specific application. Because of 
this, many designers select a transistor based on its rating, since VgEg or VgEx always 

be greater than V( 3 eq (see Figure 1 for a graphical explanation of the relationship among ^CER 

and VcEX)- 

By choosing a transistor based upon its VceO rating, the designer may be using a higher voltage 
device than necessary. If he could determine the voltage under the actual conditions of his application, it 
is possible that a lower voltage device could be used, resulting in considerable cost savings. Figure 2 
presents a test circuit that can be used to safely measure sustaining voltage under any bias condition at 
collector currents up to 5A. 

PLEASE NOTE: SUSTAINING VOLTAGE SHOULD NEVER BE READ ON A 
CURVE TRACER, EVEN AT LOW CURRENT LEVELS, SINCE POWER RATING 
OR REVERSE-BIASED SECOND-BREAKDOWN RATING (Es/b) MAY BE 
EXCEEDED, RESULTING IN PERMANENT DAMAGE TO THE TRANSISTOR. 

The test circuit of Figure 2 may also be used to check a transistor’s Egy/i^ rating if the zener clamp is 
removed. Egy^, under a specified bias condition of Rgg and Vgg, is related to collector current and 
inductance as follows: 


Eg/b Goules) - l/2Lt^ 

Where I is the peak collector current flowing at the time the transistor is turned-off. 

It should be noted, however, that the transistor is not protected without the zener clamp, and the 
device may be damaged or destroyed if it does not meet its Eg^j^ rating. 
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Fig. 1. Relationship among VcEO(SUS)> VCER(SUS)> '^CEX(SUS) 
(Not to Scale) 
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♦ZENER CLAMP VOLTAGE SHOULD BE EQUAL TO THE MINIMUM SPECIFIED VALUE OF THE 
^CEO' '^CER '^CEX VOLTAGE BEING CHECKED. 





CURRENT 


INPUT 

VOLTAGE RATING 

TEST CURRENT 

INDUCTOR 

SENSE 

'b 

PULSE 

(VcEO' ^CER> Vctx) 

dc)^ 

(L) 

(Rs) 

WIDTH 


<50mA 

50mH 

ion 

0.1 (ic) 

SSOjuSec 

<80V 

50mA— 200mA 

20mH 

50 

O.l(lc) 

525MSec 

200mA-1.0A 

2mH 

in 

0.1 Oc) 

250/LiSec 


1.0A-5.0A 

0.5mH 

o.2n 

0.1 (Id 

325MSec 


<50mA 

lOOmH 

ion 

O.l(lc) 

800/iSec 

80V-200V 

50mA— 200mA 

40mH 

5 n 

0.1 (Id 

I.OmSec 

200mA-1.0A 

4mH 

in 

0.1 (Id 

550juSec 


1.0A-5.0A 

ImH 

o.2n 

0.2(ld 

650AtSec 


<50mA 

200m H 

ion 

0.1 (Id 

1 .5mSec 

>200V 

50mA— 200mA 

80mH 

5 n 

0.1 (Id 

2.0mSec 

200mA-1.0A 

lOmH 

in 

0.2(lc) 

1 .25mSec 


1.0A-5.0A 

2mH 

o.2n 

0.2(lc) 

1 .25mSec 


1. THE ZENER CLAMP SHOULD ALWAYS BE USED WHEN TESTING AT COLLECTOR CURRENT 
VALUES ABOVE 200mA SINCE THE REVERSE-BIASED SECOND-BREAKDOWN RATING 

OF THE TRANSISTOR UNDER TEST MAY BE EXCEEDED. 


‘c 


250mA 


REPRESENTATIVE SCOPE TRACE FOR 
UNCLAMPED TEST AT Ij- = 100mA 



'c 



REPRESENTATIVE SCOPE TRACE FOR 
CLAMPED TEST AT Iq = 1 00mA 


Fig. 2. Test Circuit for '^CEO(S\JS)> ^CER(SUS)> ^CEX(SUS) 
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OPERATING THE SWITCHING REGUUTOR OUTPUT CIRCUIT 
(PIC600 SERIES) AT LOW FREQUENCIES 


The Unitrode switching regulator power output circuit consists basically of 
a power transistor switch and a catch diode. The appropriate data sheets in the 
Unitrode Semiconductor Databook provide the necessary information for determining 
junction temperature and power dissipation at frequencies above 10 kHz. 

This Design Note provides a method for determining the junction temperature 
and maximum allowable power dissipation for the transistor switch and catch diode 
when the switching regulator is operated at frequencies under 10 kHz, where the 
switching losses are negligible and can be safely ignored. 


The method of determining safe power dissipation requires a detailed trans- 
ient thermal analysis, since the junctions of the transistor and diode are sub- 
jected to temperature excursions due to the applied pulse power. 


When the device is subjected to a train of periodical power pulses, the 
maximum power dissipation and junction temperature can be calculated from the 
effective pulse thermal resistance (0^) as follows: 


X D + (1-D) r(t + r) - r(r) + r(t) 



Figure 1. Power Pulses 


where: t = pulse width 

T - period 
Duty cycle D = ■— 

Peak Power, Ppj. is peak of an 
equivalent square power pulse 

r (t + 7* ) = transient resistance 
at time t + r 

r(t) = transient thermal resistance 
at time t 

= DC thermal resistance (from 
data sheets) 
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1. Calculating the Junction Temperatures (Pulse Train) 

A. Power Transistor Switch 

The peak junction temperature of the transistor switch under repetitive 
peak power pulse conditions is calculated as follows: 

(peak) ° ^CASE ^pk ^ ®p 

^j(peak) “ ^CASE \e ^ _ 

- r(r) + r(t^) 

The transient thermal impedances + ^)» ^Ct), r(t^) are obtained from 

the transient thermal impedance plot for the transistor (see Figure 2) , 

t^ = transistor on-time 



B. Catch Diode 

The peak Junction temperature of the catch diode under repetitive peak 
power pulse condition is calculated as follows: 


(peak) ^CASE ^ 




1 - 


j;d 

r 


r(tjj + r) 


- r(r) + r(tp) 
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where : 


= diode on-time 

The Transient thermal impedances ^( 1 ), r(tj^), are obtained from 

the transient thermal impedance plot for the catch diode (see Figure 2). 

C. Power Dissipation 

The maximum allowable power dissipation in either the transistor or the 
diode is determined by the maximum junction temperature of 150° C: 


150°C - T 


CASE 


pk (max) 


2. Calculating the Junction Temperature (Single Shot Power Pulse) 

For a non-repet itive power pulse, the rise of junction temperature can be 
calculated as follows : 


Tj = X r(t) + 


For a pulse with less than 100 millisec, the case temperature is assumed 
to remain at ambient temperature. 
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0.01 0.1 1 10 100 1000 


TIME (millisec) 


Figure 2. Transient Thermal Resistance ~ Power Transistor or Catch Diode 
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A 350 WATT SWITCHING REGULATED OUTPUT POWER SUPPLY 
FOR MULTIPLE OUTPUTS UTILIZING 
UNITRODE SEMICONDUCTOR COMPONENTS 


There are many ways a switching power supply can be designed to obtain regulated 
output voltages. When multiple outputs are desired, such as ±5 volts and ±12 volts, the 
circuit described below provides the basis for an efficient, economical, and reliable power 
supply. It consists of a pulse width modulated buck regulator and a synchronized “H” 
(full bridge) inverter, each leg of which operates at 50% duty cycle. The block diagram of 
the power supply is shown in Figure 1 . 



Figure 1. Block Diagram 

The advantages of this design approach are as follows: 

1. Numerous inductors (normally needed when pulse-width modulating an inverter) 
are not required. No filter inductor is required in the output which lowers costs. 
Minimum load bleeder resistors are not needed, thus improving efficiency and 
excessive heat generation. These features result from the “H” inverter operating 
at 100% duty cycle. 

2. A high voltage, low ESR capacitor in series with the power transformer is not 
required. The problem of excessive collector current in an “H ’ inverter stage due 
to “walking of core flux” on a saturated B-H curve is eliminated. 

3. There is no possibility of high current or forward-biased second breakdown in the 
inverter bridge transistors when they are simultaneously on during switching 
periods. The “cross-current” is limited by the inductor, Lj, (the buck regulator 
acts as a constant current source) which increases reliability. Furthermore, the 
transistors are in saturation during cross conduction again improving efficiency, 
and reducing heat generation. 
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4. Only one high voltage switching transistor is required for either 1 10 or 220V 
input. 

5. There is no possibility of forward-biased second breakdown in the bridge tran- 
sistor during initial turn-on (“start-up”)- 

6 . No expensive high voltage filter capacitor is needed. Filtering is achieved with a 
low voltage output capacitor. 

Description of the Circuit. 

The buck regulator, “H” inverter and control circuit is described in brief in this section. 

The detailed schematic of the circuit is shown in Figure 2. 

A. Buck Regulator: 

The output stage of a buck regulator consists of a Unitrode Barrier transistor^^ 

UMT1009 and a fast recovery (50 nanoseconds) high voltage catch diode, the Unitrode 
UES 1306. The buck regulator is operated at 50 kHz, twice the operating frequency of the 
“H” inverter, with very low switching losses. Operating the buck regulator at higher fre- 
quency reduces the cost of the filtering inductor, Lj . 

The output voltage is regulated in this stage by employing a pulse-width modulation 
technique using a UC1524. The output of the filter inductor is clamped below the BVcEO of 
transistors used in an “H” bridge with a Unitrode zener diode UZ4212. This diode absorbs the 
energy stored in inductor Lj during the period when energy is not coupled into the secondary 
due to the leakage inductance of power transformer T 3 ., Notice that there is no output filter 
capacitor in the buck regulator. This design feature limits excessive cross conduction collector 
current in the transistors of the “H” inverter. 

The base drive current to the pass transistor is provided with a unique transformer 
coupled drive circuit. It provides base drive current up to 100% duty cycle if required. Fur- 
thermore, a small amount of energy stored in a ferrite bead in the base drive circuit provides 
assistance in turning off the high voltage pass transistor. 

B. “H” Inverter: 

The “H” inverter operates at 25 kHz, with a 50% duty cycle in each leg, synchronized 
with the buck regulator. It utilizes four low voltage 2N6354 transistors. Low voltage tran- 
sistors offer low high gain and fast switching times. Due to high gain, the base 

drive current required is low. 

The switching losses are kept to a minimum by switching the transistors when inductor, 

Lj, current is at a minimum. The storage time of the transistor is kept to a minimum by 
reducing the base drive just prior to transistor turn-off. (The base drive current is highest 
when transistor is turned on and reducing linearly.) 

The diodes D| — D 4 provide the path for magnetizing current at lower output current 
as well as the path for energy stored in the leakage inductance of the power output 
transformer. 
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Current limiting is obtained with a current transformer. The level of the current limit is 
maintained constant regardless of temperature by effectively using two diodes in series with 
an 8.2 volt zener (Z 2 ) UZ708. Only one driver transformer is used for all four transistors. 

The transistor turn-on and turn-off is enhanced with a ferrite bead in the drive circuit. 

The output is rectified with Unitrode USD545 Schottky Rectifiers which provide the 
advantages of low Vp at high current and minimum change in leakage current with temper- 
ature. The snubber network across the Schottky diodes prevent reverse bias breakdown from 
the large voltage spikes due to leakage inductance in the power transformer, and reduces 
RFI. 

C. Control and Drive Circuits: 

The regulation function is achieved with a UC1524 P.W.M. monolithic integrated circuit. 
The synchronizing pulses from the integrated circuit drive the D-Flip Flop, SN7474. The output 
of this D-Flip Flop drives the logic circuit 75450P which provides drive current to low cost 
2N3019 NPN transistors. Line isolation is maintaind with a driver transformer. 

The control circuit (DC 1524) is inhibited in a slow start mode to prevent large current and 
voltage transients. 

The circuit described herein provides conversion efficiency up to 85%. This design 
approach achieves an efficient and economical switching-regulated power supply when mul- 
tiple outputs are desired. The output filter capacitor is smaller in size because each leg of 
the “H” inverter operates at 50% duty cycle. 
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VOLTS 


1 


1 


o 


Cj - CLAMP VOLTAGE 
SGI 524 


OSCILLATOR OUTPUT 
SGI 524 



Vqe - PASS TRANSISTOR 
UMT1009 



Iq - PASS TRANSISTOR 
UMT1009 



Ig- BASE DRIVE TO 
UMT1009 


I 2 - ZENER CURRENT 
UZ4212 

SUPPLY VOLTAGE 
TO “H" INVERTER 


INDUCTOR CURRENT OR 
INPUT CURRENT 
TO-'H" INVERTER 


Ig ^ BASE DRIVES 

TO "H” INVERTER 


Ip - PRIMARY CURRENT 
TRANSFORMER T 3 


Ip - DIODE CURRENT 

SCHOTTKY RECTIFIER 
USD545 


lie Waveforms 
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TRANSFORMER AND INDUCTOR DETAILS 


Lj. Filter Inductor; 

core: Ferroxcube IF-19 

N = 198 turns, wire size AWG #16 
Air gap = 0.2 inches 



L 2 ‘ Ferrite Bead; 

core: Stackpole #57- 1 552 Ferrite Bead 

Nj = 2 turns, wire size #32 
N 2 = 2 turns, wire size #32 



‘H” Inverter Driver Transformer; 


Ferroxcube 376U250-3C8, 376UB250-3C8 
Np = 90 turns, wire size AWG #32 


c: 

c: 

c: 


Ng = 15 turns, wire size AWG #32 


T 9 . Buck Regulator Driver Transformer; 


Ferroxcube 78E272-3C8, 782B272-3C8 
Np = 90 turns, wire size AWG #34 
Ng = 15 turns, wrie size AWG #28 

Two transformers wound on same core, over outside legs of 
E-I core. 


To. Power Output Transformer; 


Ferroxcube EC-52 

Np = 32 turns, wire size #16 

Ng = 4 turns, wire size #26, 36 wires twisted together 

NOTE: Secondary is designed for +12 volts output. For 
multiple output total copper area of secondary 
should be 0.30 x Total Window Area. 


T 4 . Current Transformer; 

core: Ferroxcube 376U250-3C8, 376B250-3C8 

Np = 2 turns, wire size AWG 
Ng = 60 turns, wire size AWG #32 

NOTE: The information presented in this bulletin is believed to be accurate and reliable. However, no responsibility 
is assumed by Unitrode Corporation for its use. 

Unitrode Corporation makes no representation that the use or interconnection of the circuits described herein will 
not infringe on existing or future patent rights, nor do the descriptions contained herein imply the granting of 
licenses to make, use or sell equipment constructed in accordance therewith. 
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SQUIB-FIRING CIRCUIT PROVIDES FOR RELIABLE FIRING, 
FROM LOW LEVEL INPUTS 


The design of reliable squib-firing circuitry often presents particular problems. Squib functions are typically 
quite critical, and the initial triggering source for these systems is, by nature, usually minute. 

Conventional transistor squib-firing circuits usually require several gain stages, together with a power tran- 
sistor to handle the squib-firing current. Mechanical squib switches, on the other hand, cannot be operated 
repetitively to allow for complete testing of the device and associated circuitry during check-out. 

The high sensitivity planar Silicon Controlled Rectifier (SCR) can be triggered directly from low-level input 
circuitry, with significant reduction in circuit complexity and size. Reliability is thus considerably enhanced. 

The unique characteristics of the planar SCR have resulted in wide usage of this semiconductor component 
in squib-firing circuits for rocket engine ignition, detonation, and explosive bolt applications. Compared with con- 
ventional transistor techniques or mechanical squib switches, this proven approach has significant reliability ad- 
vantages, with circuit simplicity, size reduction, mechanical ruggedness and elimination of electrical contacts. 

An SCR, with surge current ratings at 100 °C of 5 amperes-50 milliseconds or 20 amperes- 1 millisecond can 
easily handle the current required for firing most squibs. Input circuits can be designed to trigger reliably at levels 
below 100 microamperes and 1.0 Volt, making the SCR particularly well-suited for direct drive from low level 
control logic circuits and simple RC time delay networks. In addition, the bistable properties of the SCR enable it 
to be triggered on by a pulse input — remaining in the “ON’’ state until reset. This inherent “memory” is fre- 
quently used to advantage in arming circuits. 

Two circuits typical of squib firing applications are shown in Figures 1 and 2. Both will operate from 
- 65 °C to over 125 °C. 

In Figure 1, Capacitor Ci is charged to +28 Volts through R, and stores energy for firing the squib. A 
positive pulse of 1 mA applied to the gate of SCRi will cause it to conduct, discharging Ci into the squib load Xi. 
With the load in the cathode circuit, the cathode rises immediately to + 28 Volts as soon as the SCR is triggered 
on. Diode Di decouples the gate from the gate trigger source, allowing the gate to rise in potential along with the 
cathode so that the negative gate-to-cathode voltage rating is not exceeded. This circuit will reset itself after test 
firing, since the available current through Ri is less than the holding current of the SCR. After Ci has been 
discharged, the SCR automatically turns off — allowing Ci to recharge. 

R. 



FIGURE 1 
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In Figure 2, energy for firing the squib is supplied directly from the +28 Volt supply. Caution must be exer- 
cised when arming this type of circuit. If anode voltage is applied too rapidly, the SCR may fire. This dv/dt ef- 
fect acts through the SCR anode-gate capacitance (15 pO, which couples current to the SCR gate (in proportion to 
anode dv/dt). The effect is negligible if dv/dt is under 1 Volt/ps — as in Figure 1, where it is limited by the 
charging of C,. Faster rates of rise can be safely handled by increasing the SCR gate bias. 


L, 



FIGURE 2 


In Figure 2, the LRC input network limits the anode dv/dt to a safe value — below 30 Volts/fis. Ri provides 
critical damping to prevent voltage overshoot. While a simple RC filter section could be used, the high current re- 
quired by the squib would dictate a small value of resistance and a much larger capacitor. Resistor R 3 provides 
DC bias stabilization, while C 3 provides stiff gate bias during the transient interval when anode voltage is applied. 

In this circuit the SCR is fired one second after arming by means of the simple R 2 C 2 Zi time delay network. 
R 4 provides a load for the SCR for testing the circuit with the squib disconnected — limiting the current to a level 
well within the continuous rating of the SCR. The circuit can be reset by opening the +28 Volt supply and then 
re-arming. 
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COMBINED AC-DC LOAD CONTROL SIMPLIFIES SCR RESET 


Silicon Controlled Rectifiers (SCRs) are finding increased use in a wide variety of control circuit and power 
switching applications. They offer an economical way to achieve high switching gain, efficiency and blocking 
voltage. 

When the inherent memory or “latching” feature is not desired, AC anode supply is often used, allowing 
the SCR to turn off automatically upon removal of the gate control signal. With an AC anode supply, an addi- 
tional benefit is derived— the SCR doubles in function as a rectifying element. Thus, it is possible to operate DC 
loads directly from an AC power source, often eliminating the need for separate bulky and expensive DC power 
sources. 

When SCR latching action is desired, DC anode supply is commonly employed. Here, however, reset can be 
a problem, since “brute force” reset techniques must normally be used. This involves an additional switching ele- 
ment, to either open or shunt the load voltage, and current from the SCR. 

The circuit of Figure 1 retains the advantages of operating loads directly from an AC power source. Latch- 
ing action is provided with no need for brute force reset techniques. The DC source needs to provide only a few 
milliamps of SCR holding current, since load power is drawn from the AC source. 



FIGURE 1 
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When the SCR is on, a half-wave rectified voltage waveform is applied to the load. During each positive 
half-cycle of the AC source, diode (or rectifier) D, and the SCR conduct the load current as well as the DC 
holding current provided through R,. During each negative half-cycle, D, blocks the negative voltage from the AC 
supply, allowing the SCR to remain in conduction. Resistive loads such as heaters and incandescent lamps are 
driven satisfactorily with the half-wave rectified output of this circuit. DC loads that are less tolerant of this 
waveform can easily be operated by using shunt capacitors or other filtering methods. Shunt free-wheeling diodes 
should be employed across inductive loads. 

Reset is simply accomplished by interrupting the holding current provided from the DC supply through R,. 
The reset interval must, of course, be longer than one half-cycle of the AC line frequency, or it must be timed to 
occur during the negative half-cycle, since load current will keep the SCR latched on during the entire positive 
half-cycle. The reset interval must exceed the device gate recovery time which ranges from less than 0.5 fis for the 
higher speed SCRs to 50 jus for the slower SCRs. 

The DC supply voltage level is not critical and can be less than equal to, or greater than the peak AC supply 
voltage. When it is less than the peak AC, however, Di will conduct for a portion of each half-cycle when the 
SCR is off, causing a current pulse to flow from the AC to the DC supply through Ri. 

D, must have a blocking voltage capability greater than the sum of the peak AC voltage plus the DC supply 
voltage. The SCR voltage rating must be at least equal to the peak AC or DC supply voltage, whichever of these 
is greater. 

When many identical or similar circuits are used in a single system (as in a band of SCR incandescent lamp 
drivers), multiple reset is easily accomplished by simultaneously interrupting the DC source and resetting all cir- 
cuits connected to that source. 
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TURN-OFF METHOD FOR SCRs 
MINIMIZES EFFECT OF DV/DT 


SCRs can be turned off by reducing the magnitude of the anode current to a level below that of the holding 
current, either by opening the anode circuit or by driving the anode negative. Forward blocking voltage cannot be 
reapplied until after the minority carrier charge stored in the device as a result of previous forward conduction 
has been dissipated to a level that can be controlled by the gate bias, otherwise the SCR will self-trigger on again. 

In addition, even after the SCRs have recovered, reapplication of anode supply voltage may cause self- 
triggering due to dv/dt. 

Self-triggering of a SCR due to dv/dt is caused by a capacitive current equal to the product of the anode- 
gate (Cag) capacitance of the SCR and the rate of rise (dv/dt) of applied anode voltage. Sensitivity of a SCR to 
dv/dt effects can be controlled by the use of a gate-cathode resistor or a current bias. The SCR will self-trigger 
only if the capacitive current is too large to be controlled by the bias resistor. The smaller the bias resistor, the 
higher will be the critical rate of rise of anode voltage. However, if the anode-gate capacitance is fully charged 
before the supply voltage is reapplied across the SCR, the device will be immune to dv/dt effects. 

A simple SCR switching circuit is shown in Figure 1. When switch SI (which can be a relay or a transistor) 
is in the closed position, the SCR will fire upon the application of a gate trigger pulse of the appropriate 
magnitude and duration. Switch SI, when opened, will turn off the SCR. After switch SI is opened, the anode- 
gate capacitance will charge through the load resistor and the lOOK between gate and ground. When the SCR has 
recovered, SI can be closed, and no capacitive current will flow since Cag is already charged to the full anode 
supply voltage. 



FIGURE 1 
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When the cathode circuit of a conducting SCR is initially opened, a large reverse gate current can flow 
which may damage the gate-cathode junction of the device. Reverse gate current should be limited to 3 ma for 
safe operation of most SCRs. The bias resistors shown in Figure 1 accomplish this objective, while affording bias 
stabilization over the operating temperature range. Bias resistor Rq^ removes all of the internally supplied gate 
current out through the gate terminal. Under this condition, the internal gate current cannot flow across the gate 
junction; the device is cut-off, and self-triggering cannot occur. If Rqk was connected to the ground side of the 
switch, when the switch opened the reverse gate current would be about 15 mA — far exceeding the maximum 
reverse current rating for most SCRs. Rgg takes over from Rgk when the switch is opened, limiting the reverse 
gate current to less than 0.3 mA. Diode Di decouples the gate trigger source from the SCR when the cathode 
switch is opened. This prevents a low impedance supply from drawing excessive reverse gate current. 

For the situation where the anode supply voltage may be subjected to transient pulses or voltage spikes, a 
small capacitor Cgk» connected in parallel with Rgk will absorb the transient charging current. If we assume C^g 
is 100 pf then a Cgk of 0.002 juf will form a 20:1 voltage divider requiring a lOV pulse on the anode to result in 
the required 0.5V (at 25 °C) to trigger the SCR. 
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NANOSECOND SCR SWITCH FOR RELIABLE HIGH CURRENT PULSE 
GENERATORS AND MODULATORS 


The design of reliable modulator and pulse generator circuitry often presents the design engineer with seem- 
ingly conflicting requirements. In order to obtain fast rise times, “hard tubes” or hydrogen thyratrons are often 
used. This results in a large system which consumes considerable power and has relatively low conversion efficien- 
cy. Reliability, jitter, and stability are also common problems in these systems. 

To improve reliability, as well as decrease standby power consumption and improve conversion efficiency, 
semiconductor devices are a natural choice. However, at the voltage and current levels most often encountered in 
these applications, conventional semiconductors are usually too slow. 

The nanosecond SCR switch developed by Unitrode allows the designer to upgrade high current, high 
voltage modulator and pulse generator circuitry. A single device (GA201 or GA301*) is capable of operating in 
circuits with supply voltages up to 100 Volts DC and pulsed load currents in excess of 50 Amperes. It can be trig- 
gered directly from logic level signals (1 Volt, 200 microamps) and exhibits a rise time of less than 
10 nanoseconds to 1 Ampere with only 10 milliamps of drive signal. Single switches operated in this mode can be 
used as high current replacements for avalanche transistors, modulators, and harmonic wave form generators. 

Special circuity has been developed to apply these nanosecond switches in applications where supply voltages 
exceed the forward blocking capability of a single device. The simplest of these is shown in Figure 1. 

The 1 meg-ohm resistors act as a voltage-sharing network to insure that no single device is overvoltaged 
because of unequal leakage currents. Turn-on is accomplished by applying a trigger signal to the primary of the 
pulse transformer, Tl. The capacitor, which has been charged to the supply voltage through Rc, discharges 
through Rl, and the string of SCRs. This circuit is useful until the number of stages used requires a pulse 
transformer that becomes objectionably bulky. Beyond that point the circuit of Figure 2 or 3 is used. 

Figure 2 illustrates an approach that uses a pulse transformer to trigger only part of the string, while the rest 
of the devices in the string are supplied with gate drive through the zener diodes. With a supply voltage of 360 
Volts DC, a 95 Volt ±5% zener diode across each SCR in the string prevents unequal voltage distribution. When 
SCRs and SCR 4 are triggered, 360 Volts appear across SCR, and SCR2 causing zener diodes Zi and Z 2 to conduct. 
Since Di and D 2 are back-biased, the current must flow through the gate-to-cathode junctions of SCR, and SCR 2 , 
thus driving them on. Up to eight stages can be stacked in this manner using a pulse transformer to drive only the 
bottom two SCRs in the string. Driving three SCRs with a pulse transformer allows stacking sixteen stages, which 
can switch a 1440 Volt load using a pulse transformer that needs to have a dielectric isolation rating of less than 
300 Volts. 

Figure 3 uses no pulse transformer and can be extended to virtually any number of stages. When SCR, is 
triggered, the cathode of SCR2 drops from -1- 100 to essentially 0 Volts. Capacitor C, discharges into the gate of 
SCR2 causing it to conduct, and this process is repeated for SCR3 and SCR4. This circuit has the added feature of 
providing negative bias to the SCRs during recharge of the load in order to minimize the effect of dv/dt. As the 
voltage rises on the anode of SCR4, current flows through the path consisting of C4, R4, C3, R3, C2, R2, etc. This 
provides negative bias for the gate-to-cathode junctions of the SCR in the string, making them less sensitive to 
dv/dt triggering. This allows the use of rapid recharge circuits which permits operation at higher repetition rates. 
Either resonant recharge or active (SCR) rapid recharge techniques may be used with these circuits. 

*GA201 recommended for military, GA301 for commercial applications. 
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DESIGN NOTE 


DN-14 



FIGURE 1 




FIGURE 3 


If the energy storage element(s) and load consist only of R and C components, the charging resistor must be 
large enough to limit the DC current to a value less than the minimum holding current of the SCRs in the string. 
When the load contains an inductive component, as is usually the case in modulator circuits, the network can be 
designed to “ring” in order to reverse-bias the SCR string momentarily, permitting the SCRs to regain their for- 
ward blocking capability even though Rc allows more than the minimum holding current to flow. Diode Dr may 
be used in all circuits so that the recharge current will not flow through the output element. In Figures 2 and 3, 
Dr shunts the reverse “ringing” current around the output element. Diode Dc must be used in circuits that con- 
tain inductive elements to protect the string from being excessively back-biased due to circuit ringing. 
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NANOSECOND SCR FOR LASER DIODE PULSE DRIVER 


The use of pulsed gallium-arsenide lasers requires a reliable high speed, high current switch to drive these 
devices. In the past the only solid state devices that could be used in this application were avalanche transistors 
and fast medium power transistors. Avalanche transistors presented reliability problems, while the standard 
medium power transistors available were too slow. The GA200 series “Nanosecond SCR” with a rise time 
capability of 10 nsec to 1 Amp or 20 nsec to 30 Amps provides a solution to both the reliability and the speed 
problems and appears to be ideal for this type of application. 

The circuit shown in Figure 1 utilizes a GA201 device along with a lumped constant delay line to generate 
the desired square current pulse. For simplicity, a single capacitor could be used instead of the delay line. The 
delay line, however, has the advantage of producing a square pulse that provides sharp turn-off, which limits the 
excess power dissipation that would occur in the laser diode if the pulse fell exponentially. The impedance of the 
delay line ( = is chosen to produce a slight mismatch, which produces overshoot on the trailing edge of the 

pulse. This overshoot acts as a reverse bias on the anode of the SCR, assisting in turning it off. A typical value 
for the delay line impedance would be 1 to 2 ohms, which approximates the impedance of the load formed by the 
SCR and laser diode in series. The time duration of the pulse (= '^^per section) can be made as short as desired 
with a value of 50 to 100 nsec being typical. 

With the SCR in the off state, the delay line will charge to the supply voltage (100 Volts with GA201). A 
gate current at the input of as little as 200 ijlA will trigger the SCR. The delay line will then discharge, producing a 
square current pulse through the gallium-arsenide laser diode. Ri and R^^ are chosen so that the current, after the 
delay line discharges, will be less than the holding current of the GA201 (=3 mA with Rqk = 100 ohms.) C, 
should be about and is necessary to prevent false triggering through noise or through dv/dt commutation. 

D2 provides a charging path for the delay line, while R2 — 50K provides a stable ground reference. Diode D3 in- 
sures that the reverse breakover voltage of the GA201 will not be exceeded during the turn-off period. 

The forward current level will depend upon the total impedance of the GA201 and the laser diode and the 
charging voltage used. With a 100 Volt device and a practical minimum circuit impedance of about 1 ohm, it is 
possible to develop peak currents of up to 100 Amps. (See Figure 2 for Time vs Current curve for GA200/GB200 
Series.) Pulse of 60 Amps with rise times of approximately 30 nsec have actually been achieved. For improved 
performance at high current levels, the SCRs may be operated in parallel or in series. Parallel operation is 
achieved by providing equal series resistors to the gates of the devices and driving them from the same source. By 
overdriving the gates with 50 to 100 mA, simultaneous turn-on is guaranteed. Parallel operation results in lower 
forward voltage drop and faster rise time at high current levels. Series stringing techniques can be used in circuits 
with a higher total impedance where higher voltages are needed to obtain the desired current levels. For a descrip- 
tion of series operation see Design Note 14. 
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Q1— GA201/GB201, GA301/GB301 
-Gallium-Arsenide Laser Diode 

—JAN 1N5802or1N5807* (Alternative: UES1101 or UES1301) 
D 3 — JAN 1 N5804 or 1 N5809* (Alternative: UES1102 or UES1302) 

Note: Heavy lines indicate braided connections for 
reduced inductance and resistance. 

Figure 1 


SURGE RATING — GA200, GB200— PEAK REPETITIVE PULSE 



Note: For MIL and high Rel series applications, use GA/GB 200/201 and 
JAN Diodes. 

For high rep rate (high average current), use GB series with 
1N5809 or UES1302 rectifiers. 

GA300 and LIES series are intended for commercial applications. 
Figure 2 
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DESIGN NOTE DN-19 

A SIMPLE ISOLATION AMPLIFIER USING THE UC1901 


The UC1901 Isolated Feedback Generator has other applications besides providing isolated 
feedback in switching power supplies. This IC’s amplitude modulation system and error amplifier can be 
used to implement a very low cost, high bandwidth, isolation amplifier. Isolation amplifiers of this type 
find use in switching power supplies, motor controls, instrumentation, industrial controls and medical 
systems. 

The UC1901 generates a programmable high frequency carrier signal (up to 5 MHz) with an 
amplitude that is controlled by a high gain error amplifier. In a typical feedback application, this 
amplifier and modulator are used, in conjunction with the UC190rs 1.5V reference and a small signal 
coupling transformer, to provide precision regulation for an isolated switching power supply. Capacitively 
coupled feedback around the UC1901 error amplifier determines the device’s small signal AC response, 
but the DC operating point is determined by the requirements of the overall power supply loop. By 
adding an additional winding on the coupling transformer and a demodulator circuit for this winding, 
local DC feedback can be provided to the UC190rs error amplifier. In this mode very accurate DC, as 
well as small signal AC, transfer functions can be established across the isolation boundary. 


o 






ISOLATION 

BOUNDARY 



1 

1 

I 

1 


A Low Cost, High Bandwidth, Isolation Amplifier: An additional feedback winding linearizes the transfer 
function of the amplifier by matching the coupling characteristics to the isolated output. 
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DESIGN NOTE 


DN-19 


The configuration of an isolation amplifier using the UC1901 is shown in the figure below. The 
drivers on the UC1901 couple an amplitude modulated carrier to two matched windings (W 2 and W 3 ) on 
a small signal transformer. The demodulated signal from winding W 2 is used to provide feedback to the 
UC190rs error amplifier while the demodulated signal from W 3 is the isolated output signal. The use of 
the feedback winding linearizes the transfer function of the overall amplifier and allows DC signals to be 
accurately transferred. Matching of the two demodulator windings and demodulator circuits is important 
to maximize linearity and minimize DC offsets. An optional output buffer and filter will reduce residual 
carrier ripple and isolate the output demodulator from its load. The internal gain compensation on the 
UC1901 is sufficient for stable operation with overall gains down to 12dB. This circuit requires a supply 
voltage to the UC1901 that, if not available in the system already, can be generated using a second 
similar circuit operating in the reverse direction. 

The primary features of this circuit are: 

1. Good Signal Linearity 3. High Isolation Capability 

2. Wide Bandwidth (3dB Bandwidths > 500kHz) 4. Low Cost 
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HR201 HI-REL SCREENING 


Unitrode semiconductors are inherently high-reliability devices, 
manufactured with a quality control system that complies to MIL- 
Q-9858A. Some users, however, want the ultimate assurance of 
reliability. 

In addition to those devices qualified and tested to JANTX and 
JANTXV specifications we can supply our broad product line of 
hermetically sealed devices screened to various requirements. 

For discrete semiconductor devices we can screen to Table II of 
MIL-S-19500. Our linear integrated circuits can be screened to 
MIL-STD-883 METHOD 5004.6. Our switching regulator (PIC) ser- 
ies is not covered by a MIL specification and for this series we 
recommend our own ULlOl or UL102 screening program. This 
includes: 


1. Hermetic Seal: Fine and Gross leaks MIL-STD-750 Method 
1071. 

2. High Temperature Storage, MIL-STD-750 Method 1032.1. 

3. Temperature Cycling, MIL-STD-202 Method 107. 


4. Reverse Bias Clamp Test, Vceo = Rated Vin, Ic = 5A, f = 
25KHz, Eout = 5V, Tc = 25®C. 

5. Power Stress, Tc = 125®C, P = 2.0W, t = 40 hrs. 

6. High Temperature Reverse Bias, Ta= 125®C,t = 16 hrs.,Vr= 
80% of rating. 

For applications where full MIL-S-19500 Table II is not required 
we have our own screening specifications as follows: 


PRODUCT 

SPECIFICATION 

SPECIFICATION 
WITH DELTA’S 

Rectifiers 

HR201 

HR201-D 

Zeners 

HR201Z 

HR201Z-D 

Surge Suppressors 

HR201S 

HR201S-D 

Transistors 

HR201T 

HR201T-D 
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MOUNTING AND THERMAL CONSIDERATIONS 

TO-220 Package 


The leads of the TO-220 transistors, SCRs, rectifiers and Schottky 
diodes may be formed, but they are not intended to be flexible or 
ductile enough for unrestrained lead wrapping. 

The TO-220 is generally considered as the economic replacement 
for the TO-66 power package. Unlike the TO-66, the leads of the 
TO-220 may be formed if the following considerations are met. 


The figures show the typical device and hardware recommended. 
Several typical configurations of lead forming are illustrated. 

The advantages of mounting the flange to the printed circuit 
board is that improved thermal heat transfer allows operating at 
higher levels of power dissipation. The individual specification 
sheets give the safe operating area as a function of a case 
temperature. 




Figure A. Device and Hardware for Rgure B. Two Alternative Configurations for Axial Strain Relief and Electrical Isolation. 

Insulated Mounting. 


BENDING THE LEADS 

Whenever the leads of the T-220 are to be formed, whether by a 
special fixture or by the use of long-nosed pliers, several impor- 
tant considerations must be followed. Internal damage to the 
device or lead damage may result if any orall of these precautions 
are not considered. 

1. Minimum bend distance between the plastic body and the 
bend is Vg inch. 

2. The minimum radius of the bend is Vie inch. 

3. Avoid repeating bending at the same flexure point. 

4. Whenever possible, use one of the lead forming configura- 
tions which relieve strain induced by mechanical or thermal 
loads. 

5. Leads should not be bent greater than 90 degrees. 

6. Avoid axial pulling or bending that would induce axial strain. 
The maximum axial component is 4 pounds. 


7. Forming fixtures or pliers should not touch the plastic case 
because axial strain of .005" could cause irreversible inter- 
nal damage. 

8. The leads must be fully restrained during the lead forming 
operation to prevent relative movement between the body 
and the leads. 

SOLDERING INTO THE CIRCUIT 

The leads on the TO-220 are solderable; however, there are a few 
precautions that must be observed. 

1. Soldering temperature must not exceed 270°C. 

2. Maximum soldering temperature must not be applied for 
more than 5 seconds. 

3. Maximum soldering temperature should not be applied 
closer than Vg inch from the plastic body of the device. 
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MOUNTING AND THERMAL CONSIDERATIONS 


TO-220 Package 


MOUNTING THE FLANGE 

Flange mounting is recommended for maximum power handling 
applications. A 6-32 machine screw is recommended. Eyeletting 
(hollow rivet) is acceptable if care is taken not to distort the flange. 
For insulated mount, a 4-40 screw and a shoulder bushing is 
recommended (see figure). Suggested material for bushings are: 
Diallphthalate, fiber-glass-filled nylon, or fiber-glass-filled poly- 
carbonate. Note unfilled nylon should be avoided. The flange 
should not be directly soldered because the use of lead-tin could 
produce temperatures in excess of the maximum storage temper- 
ature. See the individual specification for the device. 

Check list and summary for flange mounting: 

1. Use recommended hardware. 


2. Always fasten the flange prior to lead soldering. 

3. Do not allow the forming tool to come in contact with the 
plastic body. 

4. Maximum mounting torque is 8 inch-pounds. 

5. Avoid modifying the flange by machining and do not use 
oversized screws. 

6. Provide axial and transverse strain relief of the leads. 

7. Use recommended insulation bushings. Avoid materials that 
exhibit hot-creep problems. 


Thermal Considerations TO-220 Power Transistors 

Thermal Resistance, Case to Ambient; 

Free Air, No Heatsink 60°C/W typical 

Thermal Capacitance 

of Package 4.8 watt-seconds/®C 

Thermal Time Constant 305 seconds 


Device Type 

IcA 

Continuous 

Peak 

Power 

Dissipation 

W 

Power 

Derating 

mWC 

Thermal 
Resistance 
Junction Case 
®C/W 

UMT/MJE 13004 
UMT/MJE 13005 

4 

8 

75 

600 

1.67 

UMT/MJE 13006 
UMT/MJE 13007 

8 

16 

80 

640 

1.56 

UMT/MJE 13008 
UMT/MJE 13009 

12 

24 

100 

800 

1.25 

UFN732 

4.5 


75 

600 

1.67 

UFN742 

8.0 

32 

125 

1000 

1.00 


Note: When using a 2 mil MICA washer for electrical isolation, add 0.4°C/W to heatsink 
thermal resistance. 


Thermal joint compound should be used at the interface of the 
TO-220 flange and the heatsink to which it is attached. 

Consider a TO-220 power transistor with a thermal resistance 
junction to case of 1.25®C/W. The junction temperature pro- 
duced depends upon the mounting conditions and power dissi- 


When using a small heat sink in free air one must consider the 
additional thermal resistance of the heat sink to ambient and 
operate at an appropriate power level. For example with an 


pated in the circuit. The table below shows junction temperature 
resulting from SOW of dissipation when mounted on an infinite 
heatsink at 25°C with different methods of interfacing. 


18°C/W rated sink and thermal compound as above the device 
will have a junction temperature of 122°C when operating at 5W in 
an ambient of 25®C free air. 


Interface Condition 

Between Case and Heatsink 

Thermal Resistance 

Case- Heatsink 
"C/W 

Junction 

Temperature 

“C 

Assumed direct, ideal metallic contact (no interference) 

0.0 

87.5 

1 mil air gap* 

1.2 

147.5 

Thermal compound; Tab screw torqued at 8 inch-pound 

0.09 

92 

2 mil mica washer with thermal compound applied to 
both surfaces; tab screw torqued at 8 inch pound 

0.58 

116.5 


* A film of air one mil in length has the thermal resistance of = 1.2®C/W. 
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THERMAL DESIGN CONSIDERATIONS 
FOR LEADED DEVICES 


For Lead Mounted Rectifiers 
and Zeners, for 5 types 
of mounting. 



TYPE 1 PC BOARD, LIGHT 


Determining The Power Rating for Your Application. 

The information given in this section is presented for 
straight-forward use by the designer. The value given in 
this table is Rqj^, the “Total" thermal resistance of the 
diode and mounting together;, no other graphs or tables 
are needed. 

p — T — T 

' max — Jmax * Amax 

RejA 

Where: is the maximum power that can be dissipated 

in the device reliably. Tj„^^ Is the maximum of the 
operating temperature range, usually 175°C, unless 
derated for a military or hi rel application. 

T^max ^3X temp that the ambient reference (air 
below the device) will reach during operation. 

Alternately, 

Junction Temp Rise = PRgja 



Vb" 

TYPE 2 PC BOARD, MEDIUM 



TYPES PC BOARD, HEAVY 


Va" 

.uou 

Wide 2 2 Wrap once 

and solder 




.060 Epoxy Glass 
.06(y' dia. X a/s" high 

Terminals are per MS 17122-7 


TYPE 4 PC BOARD WITH CHESSMEN TERMINALS 


i 



.060 Epoxy Glass 
.125" dia. X 1/2" high 


Terminals are per MS 17122-8 
TYPE 5 TERMINALS AND HOOK-UP WIRES 
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^ejA 

Total Thermal Resistance in Degrees C/Watt 

Type 

Mounting Type | 

1 

2 

3 

4 

5 

1N36H-3614 

105 

92 

75 

97 

65 

1N4245-4249 

105 

92 

75 

97 

65 

1N4461-4489 

105 

92 

75 

97 

65 

1N4736-4764 

140 

127 

110 

132 

100 

1N4942-4946 

98 

85 

68 

90 

58 

1N4954-4996 

75 

62 

45 

67 

35 

1N5063-5117 

94 

81 

64 

86 

54 

1N5186-5189 

75 

62 

45 

67 

35 

1N5186-5190 

72 

59 

42 

64 

32 

1N5550-5553 

75 

62 

45 

67 

35 

1N5614-5622 

93 

80 

63 

85 

53 

IN 5802-5806 

94 

81 

64 

86 

54 

IN 5807-58 11 

75 

62 

45 

67 

35 

TVS 505-528 

75 

62 

45 

67 

35 

UESllOl-1106 

94 

81 

64 

86 

54 

UES130M306 

75 

62 

45 

67 

35 

UR105-125 

142 

129 

112 

134 

102 

UR205-225 

98 

85 

68 

90 

58 

UT236-347 

127 

114 

97 

119 

87 

UT249-363 

110 

97 

80 

102 

70 

UT251-364 

105 

92 

75 

97 

65 

UT261-268 

98 

85 

68 

90 

58 

UT2005-2060 

97 

84 

67 

89 

57 

UT3005-3060 

85 

72 

55 

77 

45 

UT4005-4060 

80 

67 

50 

73 

40 

UTROl-61 

127 

114 

97 

119 

87 

UTR02-62 

98 

85 

68 

90 

58 

UTR 10-60 

176 

163 

146 

168 

1 136 

UTR2305-2360 

97 

84 

67 

89 

57 

UTR3305-3360 

85 

72 

55 

77 

45 

UTR4305-4360 

80 

67 

50 

72 

40 

UTX105-125 

142 

129 

112 

134 

102 

UTX205-225 

98 

85 

68 

90 

58 

UTX3 105-3 120 

85 

72 

55 

77 

45 

UTX4105-4120 

80 

67 

50 

72 

40 

UZ706-140 

94 

81 

64 

86 

54 

UZ4706-4120 

75 

62 

45 

67 

35 

UZ5706-5140 

75 

62 

45 

67 

35 

UZ7706L-7710L 

73 

60 

43 

65 

33 

UZ8706-8120 

140 

127 

110 

132 

100 

UZS 306-440 

94 

81 

1 

64 

86 

i 

54 
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LEAD MATERIALS 

Unitrode offers a wide choice of lead materials for soldering 
or welding because the leads are attached to the pins out- 
side the glass seal. Since the leads do not pass through a 
glass-to-metal seal, there is no need to match the thermal 
coefficient of expansion of the leads to the glass. 

Solderable Leads — Silver plated copper meets the solderability 
requirements of MIL-STD 202C Method 208A. 

Solid silver leads meeting the requirements of MIL-S-13282 
Grade A are available on special order. 


Weldable Leads — Three types are available to meet the 
welding requirements of MIL-STD-1276A. The pure grade A 
nickle leads meet the requirements of type N-1. The gold-plated 
nickle leads meet the requirements of type N-2. Gold-plating 
is in accordance with MIL-G-45204, Type 1. 

The copper leads (tin-coated) are the standard lead mate- 
rials. These leads meet the requirements of type C. Types N-2 
and C are solderable as well as weldable. 

The following table lists standard lead lengths and materials. 
Weights of the diodes with various leads are also shown. In 
the event other lead materials are required, please consult 
Unitrode. 





Lead 


Typical 
Weight Body 
Plus Leads 




Length 

Dia 

Suffix 

Body 

Material 

Usage 

ins 

mm 

ins 

mm 

Letter 

, (mg) 

.030 

Silver plated 

Copper 

Solderable 

1.0 

25.4 

.020 

.51 

None 

- 

Silver plated 
dumet 

Solderable 
or weldable 

1.0 

25.4 

.014 

.36 

* 

- 

A ' 

Silver plated 

Copper 

Solderable 

1.0 

25.4 

.028 

.71 

H 

260 

.045 

Silver 

Solderable 

0.7 

1.24 

.028 

.71 

M 

215 


Copper, tinned 
(standard) 

Solderable 
or weldable 

1.0 

25.4 

.028 

.71 

None 

260 

B 

.090 

Silver plated 

Copper 

Solderable 

1.0 

25.4 

.040 

1 

1.02 

J 

740 

and 

Silver 

Solderable 

1.0 

25.4 

.040 

1.02 

P 

740 

C 

.125 

Copper, tinned 
(standard) 

Solderable 
or weldable 

1.0 

25.4 1 

! 

.040 

1.02 

None 

740 


* Available on 1N5767 and 1N5957 only. 
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INSULATED STUD PACKAGES 

Unitrode’s three stud-mounted devices, lOW high-surge 
zener diodes, 12A standard recovery rectifiers, and 9A fast- 
recovery rectifiers, are also available as shown here with 
insulated studs having the same high ratings as the standard 
non-insulated devices. 


MECHANICAL SPECIFICATIONS 


Beryllia 

Insulating 

Full thread to within 
.060 of shoulder 

.138" MAX. DIA. 

3.51mm to RADIUS 

i_ 


6-32 X 240"±.010" 
6.10mm±.25mm 
Copper, Gold Plated ' 

.005" MAX. RAD. 
13mm 


Dimensions in inches. 


Gold Plated 
Nickel Ribbon 
(2 Places) 



250" HEX. 
6.35mm 




Part Identification: Style W: Part number printed on ribbon 
lead. Style V: Part number printed on body. Numerals are 
unique and indicate lOW Zener Series (UZ), 12A rectifier 
series (UT), or 9A fast-recovery rectifier series (UTR). 

Polarity: Cathode to stud end. 

Max. Weight: Styles W & V: 2.3 grams. 

Installation Precautions: Maximum unlubricated stud torque: 
36 inch-ounces. 

Note: Do not use a screwdriver in turret slot for installation 
purposes, or damage may result. 


ORDERING INFORMATION 

The type numbers that apply to the standard studs also 
apply to the insulated studs with the addition of suffix W 
or V for style W or V (see outline drawings). For example, 
to specify insulated stud style W for a 6.8V zener, order 
UZ7806W; for a 50V 12A rectifier, order UT8105W; and for a 
lOOV 9A fast-recovery rectifier, order UTR6410W. 


U.S.A 


UNITRODE CORPORATION • 5 FORBES ROAD 
LEXINGTON, MA 02173 . TEL. (617) 861-6540 
TWX (710) 326-6509 • TELEX 95-1064 


17-8 


PRINTED IN 




ASA 


CATHODE 


BAND 

\ 


. .. i ... 


u 

■ - Td" 

-A 



1 INCHES 1 

1 MILLIMETERS | 

MIN 

MAX 

MIN 

MAX 

A 

0 160 

0 260 

4 06 

6 60 

B 

0 110 

0 120 

2.79 

3 05 

D 

0 030 

0 034 

0 76 

0.86 

K 

1.0 

- 

25.4 

- 

























































Dimensions in inches and millimeters 
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SALES OFFICES 


UNITRODE 

UNITRODE REGIONAL OFFICES 

Eastern Area Office, Door 8 — Lakeside Office Park, North Avenue, Wakefield, MA 01880, Tel. (617) 245-3010, 

TWX 710-348-1733 

Metropolitan New York Office, 150 Broadhollow Road, Suite 210A, Melville, NY 11747, Tel. (516) 271-3110, 11, 

TWX 510-226-6997 

Southeast Office, 8001 North Dale Mabry Highway, Suite 801D, Tampa, FL 33614, Tel. (813) 932-5807, 

TWX 810-876-0886 

Mid-America Area Office, 121 South Wilke Road, Suite 103, Arlington Heights, IL 60005, Tel. (312) 394-5240, 

TWX 910-233-0168 

South Central Office, 13999 Goldmark, Suite 460, Dallas, TX 75240, Tel. (214) 231-8700, TWX 910-867-4738 
North Central Office, 3131 S. Dixie Drive, Suite 507, Dayton, OH 45439, Tel. (513) 294-1364, TWX 810-450-2645 
Western Area Office, 5530 Corbin Avenue, Suite 328, Tarzana, CA 91356, Tel. (818) 705-8085, TWX 910-494-5964 
Southwest Office, 15011 Parkway Loop, Suite F, Tustin, CA 92680, Tel. (714) 730-1077, TWX 910-595-1999 
Northwest Office, 2444 Moorpark Avenue, Suite 314, San Jose, CA 95128, Tel. (408) 294-4210, TWX 910-338-0126 


DOMESTIC REPRESENTATIVES 
ALABAMA 

Conley & Associates, Inc. 

Huntsville 

205-882-0316 

ARIZONA 

Compass Mktg. & Sales, Inc. 

Phoenix 

602-266-5400 

ARKANSAS 

See Texas 

CALIFORNIA - NORTHERN 

|2 Inc. 

Santa Clara 
408-988-3400 

CALIFORNIA - SOUTHERN 

Centaur Corp. 

Irvine 

714-261-2123 

Centaur Corp. 

San Diego 
619-571-7871 

Centaur Corp. 

Woodland Hills 
818-704-1655 

COLORADO 

Component Sales, Inc. 

Denver 

303-759-1666 

CONNECTICUT 

Kanan Associates 

Yalesville 

203-265-2404 

DELAWARE 

See Pennsylvania-Eastern 

DISTRICT OF COLUMBIA 

5ee Maryland 


FLORIDA 

Conley & Associates, Inc. 
Oviedo 

305-365-3283 

Conley & Associates, Inc. 
Boca Raton 
305-395-6108 

Conley & Associates, Inc. 
Tampa 

813-885-7658 

GEORGIA 

Conley & Associates, Inc. 

Doraville 

404-447-6992 

IDAHO 

See Washington 

ILLINOIS - NORTHERN 

Oasis Sales Corp. 

Elk Grove Village 
312-640-1850 

ILLINOIS - SOUTHERN 

See Missouri 

INDIANA 

Shamrock Associates 
Carmel 

317-848-5265 

IOWA 

See Minnesota 

KANSAS 

Rush & West Associates 
Olathe 

913-764-2700 

KENTUCKY 

See Ohio 

LOUISIANA 

See Texas 


MAINE 

See Massachusetts 

MARYLAND 

New Era Sales, Inc. 

Severna Park 
301-544-4100 

MASSACHUSETTS 

Kanan Associates 

Reading 

617-944-8484 

Byrne Associates, (DEC only) 

Maynard 

617-897-3131 

MICHIGAN 

Miltimore Sales, Inc. 

Novi 

313- 349-0260 

Miltimore Sales, Inc. 

Grand Rapids 
616-942-9721 

MINNESOTA 

Aldridge Associates 
Eden Prairie 
612-944-8433 

MISSISSIPPI 

See Alabama 

MISSOURI 

Rush & West Associates 
Ballwin 

314- 394-7271 

MONTANA 

See Colorado 

NEBRASKA 

See Missouri 
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SALES OFFICES 


DOMESTIC REPRESENTATIVES (Continued) 
NEVADA - NORTHERN OHIO 


See California — Northern 

NEVADA - SOUTHERN 

See Arizona 

NEW HAMPSHIRE 

See Massachusetts 

NEW JERSEY - NORTHERN 

T.A.M., Inc. 

Fairfield 

201 - 575-4390 

NEW JERSEY - SOUTHERN 

See Pennsylvania — Eastern 

NEW MEXICO 

Compass Mktg. & Sales, Inc. 

Albuquerque 

505 - 292-7377 

NEW YORK - METROPOLITAN 
AND LONG ISLAND 

T.A.M., Inc. 

South Hauppauge 
516 - 348-0800 

NEW YORK - UPSTATE 

Reagan/Compar Albany, Inc. 
Albany 

518 - 489-7408 

Reagan/Compar Albany, Inc. 
New Hartford 
315 - 732-3775 

Reagan/Compar Albany, Inc. 

Fairport 

716 - 271-2230 

Reagan/Compar Albany, Inc. 

Endwell 

607 - 723-8743 

Reagan/Compar Albany, Inc. 

Endwell 

607 - 754-8946 

NORTH CAROLINA 

Conley & Associates, Inc. 

Raleigh 

919 - 876-9862 

NORTH DAKOTA 

See Minnesota 


Baehr, Greenleaf & 
Associates, Inc. 

Dayton 

513 - 439-0724 

Baehr, Greenleaf & 
Associates, Inc. 

Cleveland 

216 - 221-9030 

Baehr, Greenleaf & 
Associates, Inc. 

Columbus 

614 - 486-4046 

OKLAHOMA 

See Texas 

OREGON 

Jas. J. Backer Company 

Portland 

503 - 297-8744 

Jas. J. Backer Company 
Salem 

503 - 362-0717 

PENNSYLVANIA - EASTERN 

Omni Sales 
Erdenheim 
215 - 233-4600 

PENNSYLVANIA - WESTERN 

See Ohio 

RHODE ISLAND 

See Massachusetts 

SOUTH CAROLINA 

See North Carolina 

SOUTH DAKOTA 

See Minnesota 

TENNESSEE 

See Georgia 

TEXAS 

Sundance Sales, Inc. 

Dallas 

214 - 699-0451 

Sundance Sales, Inc. 

Austin 

512 - 250-0284 

512 - 250-0320 

UTAH 

Component Sales, Inc. 

Salt Lake City 
801 - 466-8623 


VERMONT 

See Massachusetts 

VIRGINIA 

See Maryland 

WASHINGTON 

Jas. J. Backer Company 
Seattle 

206 - 285 - 1300 . 

WEST VIRGINIA 

See Ohio 

WISCONSIN 

Oasis Sales Corp. 

Brookfield 

414 - 782-6660 

WYOMING 

See Colorado 

CANADA 

Kaytronics Limited 

Quebec 

514 - 367-0101 

Kaytronics Limited 
Concord, Ontario 
416 - 669-2262 

Kaytronics Limited 
Surrey 

604 - 581-7611 

Kaytronics Limited 
Kanata, Ontario 
613 - 592-6606 
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SALES OFFICES 


DOMESTIC DISTRIBUTORS 
ALABAMA 

Hall-Mark/Huntsville 

205 - 837-8700 

Hamilton/Avnet/Huntsville 

205 - 837-7210 

ARIZONA 

Hamilton/Avnet/Tempe 

602 - 275-5100 

Wyle Distribution/Phoenix 
602 - 249-2232 

CALIFORNIA - NORTHERN 

Arrow Electronics/Sunnyvale 
408 - 745-6010 

Capsco Sales/Sunnyvale 
408 - 734-3020 

Hamilton/Avnet/Sacramento 

916 - 920-3150 

Hamilton/Avnet/Sunnyvale 

408 - 743-3355 

Wyle Distribution/Santa Clara 
408 - 727-2500 

Zeus Components/Sant Clara 
408 - 727-0714 

CALIFORNIA - SOUTHERN 

Arrow Electronics/Chatsworth 
213 - 701-7500 

Arrow Electronics/Newport Beach 
714 - 838-5422 

Arrow Electronics/San Diego 
619 - 565-4800 

Avnet Electronics/Costa Mesa 
714 - 754-6111 

Avnet Electronics/Chatsworth 
213 - 700-6271 

Hamilton/Avnet/San Diego 
619 - 571-7510 

Hamilton Electro Sales/Costa Mesa 
714 - 641-4152 

Hamilton Electro Sales/Culver City 
213 - 558-2121 

Wyle Distribution/El Segundo 
213 - 322-8100 

Wyle Distribution/Irvine 
714 - 863-9953 

Wyle-MIL-Irvine 

714 - 851-9958 

Wyle Distribution/San Diego 
619 - 565-9171 

Zeus Components/Anaheim 
714 - 632-6880 


COLORADO 

Arrow Electronics/Aurora 
303 - 696-1111 

Hamilton/Avnet/Englewood 

303 - 740-1000 

Wyle Distribution/Thornton 
303 - 457-9953 

CONNECTICUT 

Arrow Electronics/Wallingford 
203 - 265-7741 

Hamilton/Avnet/Danbury 

203 - 797-2800 

FLORIDA 

Arrow Electronics/ Palm Bay 
305 - 725-1480 

Arrow ElectronIcs/Ft. Lauderdale 
305 - 776-7790 

Hall-Mark/Ft. Lauderdale 
305 - 971-9280 

Hall-Mark/Orlando 

305 - 855-4020 

Hamilton/Avnet/Ft. Lauderdale 
305 - 971-2900 

Hamilton/Avnet/St. Petersburg 
813 - 576-3930 

GEORGIA 

Arrow Electronics/Norcross 
404 - 447-7500 

Hall-Mark/Norcross 

404 - 447-8000 

Hamilton/Avnet/Norcross 

404 - 447-7500 

ILLINOIS 

Arrow Electronics/Schaumburg 

312 - 893-9420 

Hall-Mark/ Bensenville 

312 - 860-3800 

Hamilton/Avnet/ Bensenville 
312 - 860-8523 

INDIANA 

Arrow Electronics/Indianapolis 
317 - 243-9353 

Hamilton/Avnet/Carmel 

317 - 844-9333 

KANSAS 

Hall-Mark/Lenexa 

913 - 888-4747 

Hamilton/Avnet/Overland Park 
913 - 888-8900 


MARYLAND 

Arrow Electronics/Baltimore 
301 - 247-5200 

Hall-Mark/Columbia 

301 - 988-9800 

Hamilton/Avnet/Columbia 

301 - 995-5000 

301 - 995-3500 

MASSACHUSETTS 

Arrow Electronics/Woburn 
617 - 933-8130 

Hamilton/Avnet/Woburn 

617 - 935-9700 

Lionex Corporation/Burlington 
617 - 272-9400 

Zeus Components/Burlington 
617 - 273-0750 

MICHIGAN 

Arrow Electronics/Ann Arbor 

313 - 971-8220 

Hamilton/Avnet/Grand Rapids 
616 - 243-8805 

Hamilton/Avnet/Livonia 

313 - 522-4700 

MINNESOTA 

Arrow Electronics/Edina 
612 - 830-1800 

Hall-Mark/ Bloomington 
612 - 854-3223 

Hamilton/Avnet/Minnitonka 

612 - 932-0600 

MISSOURI 

Arrow Electronics/St. Louis 

314 - 567-6888 

Hall-Mark/Earth City 

314 - 291-5350 

Hamilton/Avnet/Earth City 
314 - 344-1200 

NEW HAMPSHIRE 

Arrow Electronics/Manchester 
603 - 668-6968 

NEW JERSEY - NORTHERN 

Arrow Electronics/ Fairfield 
201 - 797-5800 

Hamilton/Avnet/Fairfield 

201 - 575-3390 

Lionex Corporation/Fairfield 
201 - 227-7960 
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SALES OFFICES 


DOMESTIC DISTRIBUTORS (Continued) 


NEW JERSEY - SOUTHERN 

Arrow Electronics/Moorestown 

215 - 928-1800 

Hali-Mark/Cherry Hill 
609 - 424-7300 

Hamilton/Avnet/Cherry Hill 
609 - 424-0110 

NEW MEXICO 

Arrow Electronics/Alburquerque 
505 - 243-4566 

Hamilton/Avnet/Alburquerque 

505 - 765-1500 

NEW YORK 

Arrow Electronics/Melville 
516 - 391-1300 

Arrow Electronics/Hauppauge 
516 - 231-1000 

Arrow Electronics/Liverpool 
315 - 652-1000 

Arrow Electronics/Rochester 
716 - 275-0300 

Hamilton/Avnet/Melville 

516 - 454-6060 

Hamilton/Avnet/Rochester 

716 - 475-9130 

Hamilton/Avnet/Syracuse 

315 - 437-2641 

Lionex Corporation/Hauppauge 
516 - 273-1660 

Zeus Components/ Port Chester 
914 - 937-7400 

NORTH CAROLINA 

Arrow Electronics/Raleigh 
919 - 876-3132 

Arrow Electronics/Winston-Salem 
919 - 725-8711 

Hall-Mark/Raleigh 

919 - 872-0712 

Hamilton/Avnet/Raleigh 

919 - 829-8030 

OHIO 

Arrow Electronics/Centerville 
513 - 435-5563 

Arrow Electronics/Solon 

216 - 248-3990 

Hall-Mark/Cincinnati 

513 - 563-5980 

Hall-Mark/Cleveland 

216 - 473-2907 

Hall-Mark/Westerville 

614 - 891-4555 

Hamilton/Avnet/Cleveland 

216 - 831-3500 


Hamilton/Avnet/Dayton 

513 - 433-0610 

Hamilton/Avnet/Westerville 

614 - 436-5851 

OKLAHOMA 

Hall-Mark/Tulsa 

918 - 665-3200 

OREGON 

Hamilton/Avnet/Lake Oswego 
503 - 635-6626 

Wyle Distribution/Hillsboro 
503 - 640-6000 

PENNSYLVANIA 

Arrow Electronics/Monroeville 
412 - 856-7000 

Lionex/Horsham 

215 - 443-5150 

TEXAS 

Arrow Electronics/ Austin 
512 - 835-4180 

Arrow Electronics/Dallas 
214 - 386-7500 

Arrow Electronics/Houston 
713 - 530-4700 

Hall-Mark/ Austin 
512 - 258-8848 

Hall-Mark/Dallas 

214 - 343-5000 

Hall-Mark/Houston 

713 - 781-6100 

Hamilton/Avnet/Austin 

512 - 837-8911 

Hamilton/Avnet/Houston 

713 - 780-1771 

Hamilton/Avnet/Irving 

214 - 659-4111 

Lenert Co., Inc./Houston 
713 - 225-1465 

Zeus Components/Dallas 
214 - 783-7010 

UTAH 

Hamilton/Avnet/Salt Lake City 
801 - 972-2800 

Wyle Distribution/Salt Lake City 
801 - 974-9953 

WASHINGTON 

Arrow Electronics, Inc. /Bellevue 
206 - 643-4800 

Hamilton/Avnet/Bellevue 

206 - 643-3950 

Wyle Distribution/Bellevue 
206 - 453-8300 


WISCONSIN 

Arrow Electronics/Oak Creek 
414 - 764-6600 

Hall-Mark/Oak Creek 
414 - 761-3000 

Hamilton/Avnet/New Berlin 
414 - 784-4510 

CANADA 

Future Electronics/Downsview 
416 - 663-5563 

Future Electronics/Ottawa 
613 - 820-8313 

Future Electronics/Point Claire 
514 - 694-7710 

Future Electronics/Vancouver 
604 - 438-5545 

Hamilton/Avnet/Calgary 

403 - 230-3586 

Hamilton/Avnet/Montreal 

514 - 331-6443 

Hamilton/Avnet/Nepean 

613 - 226-1700 

Ha m i Iton/Avnet/T oronto 
416 - 677-7432 


UNITRODE CORPORATION • 5 FORBES ROAD LEXINGTON, MA 02173 • TEL (617) 861-6540 TWX (710) 326-6509 • TELEX 95-1064 

18-6 



SALES OFFICES 


■HB UNITRODE 

UNITRODE SALES OFFICES 

Corporate International and Asian Regional Sales Office, 5 Forbes Road, Lexington, MA 02173 Tel. (617) 861-6540, 
Telex 95-1064 

Unitrode Electronics GmbH, Hauptstrasse 68, 8025 Unterhaching, West Germany Tel. 089/6190 04/05/06, 

Telex 841-05-22-109 

Unitrode (U.K.) Limited, 6 Cresswell Park, Blackheath, London SE3 9RD, United Kingdom Tel. 01-318-1431/4, 
Telex 896270 

Unitrode S.R.L, Via Dei Carracci, 5, 20149 Milano, Italy Tel. 431 831, 434 604, Telex 310085 UNITRD I 
Unitrode-lreiand, Ltd., Industrial Estate, Shannon, County Clare, Ireland Tel. 353-61-62377, Telex 26233 


INTERNATIONAL AGENTS - DISTRIBUTORS 


AUSTRALIA 


FRANCE 


VSI Electronics (Australia) Pty. Ltd. C.C.I. 

P.O. Box 578 Zone Industrielle 


Crows Nest N.S.W. 2056 
Tel: 439-4655 
TELEX: 22846 

AUSTRIA 


5, Rue Marcelin Berthelot 
92160 Antony Cedex 
Tel: (01) 666 21-82 
TELEX: LORESOL 203 881F 
203 141F 


Dahms Elektronik 
Gumpendorfer Strasse 16/22 
A-1060 Vienna 
Tel: (0222) 57-25-77 
TELEX: 134583 

Dahms Elektronik 
Wienerstrasse, 287 
1-8051 Graz 
Tel: (0316) 64.0.30 
TELEX: 031099 

BELGIUM 

J.P. Lemaire 
Limburg Stirum 243 
1810 Wemmel 
Tel: 478 73-08 
TELEX: 846-24610 

BRAZIL 

Cose I e Ltd a. 

Rua Da Consolacao, 867-Cj. 22 
01301 Sao Paulo 
Tel: 255-1733, 259-3719 
TELEX: 30869, CSEL BR 

DENMARK 

Ditz Schweitzer A/S 
Vallensbaekvej 41 
DK-2600 Glostrup 
Tel: 2-45 30 44 
TELEX: 855-33257 

EASTERN EUROPE 

Dahms Elektronik 
Wienerstrasse, 287 
1-8051 Graz 
Fel: (0316) 64.0.30 
TELEX: 031099 

INLAND 

urion Oy 
/ynikintie 5K 
)0710 Helsinki 71 
•I: 80-372144 
LEX: 124388 


C.C.I. 

67, Rue Bataille 
69008 Lyon 
Tel: (07) 874 44-56 

Spetelec 
Tour Europa 111 
94532 Rungis Cedex 
Tel: (1) 686.56.65 
TELEX: 842-250801 

GERMANY 

Unitrode Electronics GmbH 
Hauptstrasse 68 
8025 Unterhaching 
Tel: 089/6190 04/05/06 
TELEX: 841-05-22-109 

EBV Elektronik GmbH 
Oberweg 6 
8025 Unterhaching 
Tel: (089) 611051 
TELEX: 524535 

EBV Elektronik GmbH 
Oststrasse 129 
4000 Duesseldorf 
Tel: 0211-84-84-6/7 
TELEX: 08587267 

EBV Elektronik GmbH 
Schenckstrasse 99 
6 Frankfurt/Main 90 
Tel: 0611 785037 
TELEX: 413590 

EBV Elektronik GmbH 
Kiebitzrain 18 
3006 Burgwedel 1 
Tel: 05139/5038 
TELEX: 0923694 

EBV Elektronik GmbH 
Alexanderstrasse 42 
7000 Stuttgart 1 
Tel: 0711/24 74 81 
TELEX: 0722271 


Metronik GmbH 
Kapellenstrasse 9 
8025 Unterhaching 
Tel: 089-6114063 
TELEX: 0529524 

Metronik GmbH 
Siemenstr. 4-6 
6805 Heddesheim 
Tel: 06203-4701 
TELEX: 465035 

Metronik GmbH 
Vogelsgarten 1 
8500 Nuremberg 
Tel: 0911/46 80 66-67 

Frehsdorf KG 
Postfach 1244 
Carl-Zeiss— Strasse 3 
Tel: 04106-71058 
TELEX: 0213693 

HONG KONG 

CET, Ltd. 

1402 Tung Wah Mansion 
199-203 Hennessy Road 
Wanchai 
Tel: 5-729376 
TELEX: 85148 CET HX 

INDIA 

Sujata Sales and 
Exports Ltd. 

112 Baja] Bhavan 
11th Floor 
Nariman Point 
Bombay 400 021 
Tel: 234658 
TELEX: 011-3855 

IRELAND 

New England Technical Sales Ltd. 
Stonehaven, Dublin Road 
Malahide, Co. Dublin 
Tel: (01) 450-635 
TELEX: 31407 
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SALES OFFICES 


INTERNATIONAL AGENTS-DISTRIBUTORS 


ISRAEL 


NEW ZEALAND 


UNITED KINGDOM 


S.T.G. International, Ltd. 

10 Huberman Street 
P.O. Box 1276 
Tel-Aviv 61012 
Tel: 03-248231 
TELEX: 922-342229 

ITALY 

Unitrode S.R.L 
Via Dei Carracci, 5 
20149 Milano 
Tel. 431-831 
Tel. 434-604 

TELEX: 310085 UNITRD I 

Microelit, S.R.L. 

Via Paolo Uccello 8 
20148 Milano 
Tel. (02) 469 04 44 
TELEX: 334-284 MICROIT 

Microelit, S.R.L. 

Via Nicola Marchese 10 Int. FI 
00100 Roma 
Tel. (06) 898243 
TELEX: 616104 

JAPAN 


Tel: 06-533-5855 

Rikei Corporation 
Shinjuku Nomura Bldg. 

1-26-2 Nishi-Shinjuku 
Shinjuku-Ku 
Tokyo 160 

Tel: Tokyo (03) 345-1411 
TELEX: J24208, J23772 
Cable Address: “RIKEI- 
GOOD” Tokyo 

KOREA R.O.K. 

Duksung Trading Co. 

P.O. Box 31 Nam-Seoul, 

Room 301 Jinwon Bldg. 

507-30 Sinrim 4-Dong. 
Gwanak-Ku 
Tel: 854-5047 
TELEX: K23459 Duksung Seoul 

NETHERLANDS 

Koning en Hartman 
Elektrotechniek B.V. 

2544 En The Hague 
30 Koperwerf 
Tel: 70-210101 
TELEX: 31528 


Professional Electronics 
22 A Milford Road 
Auckland 

Tel: 493-029, 499-048 
TELEX: NZ21084 

NORWAY 

Neco A/S 

P.O. Box 81, Kaldbakken 
Oslo 9 

Tel: (02) 25-93-10 
TELEX: 856-19247 

SINGAPORE 

Dynamar International Ltd. 

Suite 05-11 

12, Lorong Bakar Batu 

Kolam Ayer Industrial Estate 

Singapore 1334 

Tel: 7476188 

TELEX: RS26283 Dynama 

SOUTH AFRICA 

Electrolink (Pty) Ltd. 

Fleetway House 
Martin Hammerschlag Way 
Foreshore, Capetown 
Tel: 215350 
TELEX: 57-27320 

SPAIN 

Monolithic S.A. 

Corcega, 167 
Barcelona - 36 
Tel: 321-7347 
TELEX: 51990 

SWEDEN 

AB Betoma 
Box 3005 
S-171 03 Solna 
Tel: 08 820280 
TELEX: 854-19389 
Fertronic AB 

Snoermakarvaegen 35 
Box 56 

161 26 Bromma 
Tel: 08252610 
TELEX: 11181 

SWITZERLAND 

Elkom AG 
Dorfstrasse 12 
CH-5624 Buenzen 
Tel:57-362191 
TELEX: 57302 

TAIWAN 

Dynamar International Ltd. 
3rd FI., No. 43, Yih Chiang St. 
Taipei, R.O.C. 

Tel: (02) 541-8251 
TELEX: 11064 


Hamilton/Avnet Electronics Japan Ltd. 

Yu & You Building 

1-5-7 Horidome-Cho, Nihonbashi 

Chuo-Ku, Tokyo 103 

Tel: 03-662-9911 

TELEX; 252-3774 HAELTK J 

Hamilton/Avnet Electronics Japan Ltd. 
Ana Building 

1-10-10 Nishi-Honcho, Nishi-Ku 
Osaka 550 


Unitrode (U.K.) Limited 
6 Cresswell Park 
Blackheath London SE3 9RD 
Tel: 01-318-1431/4 
TELEX: 896270 

The House of Power 
Electron House 
Cray Avenue, St. Mary Cray 
Orpington, Kent BR5 3QJ 
Tel: 0689 71531/7 
TELEX: 896141 

Candy Electronic Components 

Old Mill Lane 

Aylesford 

Maidstone, Kent ME20 TDT 
Tel: 0622-70774/5 
TELEX: 965998 

Thame Components Ltd. 

Thame Park Road 
Thame, Oxon 0X9 3XD 
Tel: 084-421-4561 
TELEX: 837917 

Nortronic Associates, Ltd. 

Gateway, Crewe Gates Industrial Estate 
Crewe CWl lYY 
Tel: 0270 586161 
TELEX; 36509 


UNITRODE CORPORATION • 5 FORBES ROAD LEXINGTON, MA 02173 • TEL (617) 861-6540 TWX (710) 326-6509 • TELEX 95-1064 

18-8 



NOTES 


;!TRODE CORPORATION • 5 FORBES ROAD 
''INGTON, MA 02173 • TEL. (617) 861-6540 

X (710) 326-6509 • TELEX 95-1064 PRINTED IN U.S.A. 



To ensure receiving a copy of Unitrodes’s 1985/1986 Semiconductor 
Databook, please fill in the information below. 

Name 

Title □ Design Engineer □ Quality Assurance Engineer 

□ Components Engineer □ Other 

□ Purchasing Agent 

Company Division 


Address Mail Stop/Dept. 

(Street) 


(City) (State) (Country) (Zip) 

Telephone 

(Area Code) 


Which of the following most accurately describes your company’s 
business: 

□ Industrial Controls □ Radio Communications 

□ Military □ Data Processing 

□ Telecommunications □ Instrumentation 

□ Other 

Please Specify 

Can you list names and job titles of other persons in your organization 
who would use copies of our Databook? 


Name 


Title 


Company 


Division 


Street 


Mail Stop 


City 

State 

Country 

Zip 

Name 


Title 


Company 


Division 


Street 


Mail Stop 


City 

State 

Country 

Zip 


MAIL TO: 

Unitrode Corporation 
5 Forbes Road 
Lexington, MA 02173 U.S.A. 

Attn: Advertising Manager 
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